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      ( ). Compute shear strength of concrete. 

           -. Vuz       =      901.88 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3617.89 kN. 

           -. phiVcz    = phi * Vcz =     3256.10 kN. 

 

           -. Vuy       =      572.14 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3905.72 kN. 

           -. phiVcy    = phi * Vcy =     3515.14 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2788.65 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14478.15 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2788.65 kN. 

           -. phiVsz   = phi*Vsz =     2509.78 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2846.61 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    14190.32 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2846.61 kN. 

           -. phiVsy   = phi*Vsy =     2561.95 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     901.880 kN. 

           -. Vr       =    5765.882 kN. 

           -. Ratio    = Vu / Vr = 0.156  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      635.71 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1002.09 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0020 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0018 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0018 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =114200,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            -65.94      1075.51       554.25       740.28       484.17 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      -65.94      1075.51       554.25       740.28       484.17 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =      -628.938 kN. 

           -. Mry        =     10290.531 kN-m. 

           -. Mrz        =      6874.269 kN-m. 

           -. Mr         =     12375.403 kN-m. 

           -. Pu/Pr      =   0.105  --->  O.K ! 

           -. Muy/Mry    =   0.105  --->  O.K ! 

           -. Muz/Mrz    =   0.108  --->  O.K ! 

           -. Mu/Mr      =   0.108  --->  O.K ! 

           -. Ratio      =   0.108  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2500.64 kN. 

           -. Vuz    =        902.40 kN. 

           -. Muy    =       -609.52 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.42 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.16 
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           -. Vuy    =        520.89 kN. 

           -. Muz    =       -362.15 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  30.81 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   3.46 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      902.40 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3616.32 kN. 

           -. phiVcz    = phi * Vcz =     3254.69 kN. 

 

           -. Vuy       =      520.89 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3953.24 kN. 

           -. phiVcy    = phi * Vcy =     3557.92 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2788.31 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14479.72 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2788.31 kN. 

           -. phiVsz   = phi*Vsz =     2509.48 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2855.52 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    14142.80 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2855.52 kN. 

           -. phiVsy   = phi*Vsy =     2569.97 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     902.403 kN. 

           -. Vr       =    5764.169 kN. 

           -. Ratio    = Vu / Vr = 0.157  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      578.77 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1002.67 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0022 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0010 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0010 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =114201,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -392.78       371.87       141.75       376.77       505.88 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -392.78       371.87       141.75       376.77       505.88 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =     -6306.745 kN. 

           -. Mry        =      2329.263 kN-m. 

           -. Mrz        =      8131.608 kN-m. 

           -. Mr         =      8458.636 kN-m. 

           -. Pu/Pr      =   0.062  --->  O.K ! 

           -. Muy/Mry    =   0.061  --->  O.K ! 

           -. Muz/Mrz    =   0.062  --->  O.K ! 

           -. Mu/Mr      =   0.062  --->  O.K ! 

           -. Ratio      =   0.062  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2551.91 kN. 

           -. Vuz    =        920.47 kN. 

           -. Muy    =       -148.17 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.47 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.14 
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           -. Vuy    =        531.71 kN. 

           -. Muz    =       -372.21 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  30.85 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   3.44 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      920.47 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3591.54 kN. 

           -. phiVcz    = phi * Vcz =     3232.39 kN. 

 

           -. Vuy       =      531.71 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3930.56 kN. 

           -. phiVcy    = phi * Vcy =     3537.50 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2782.97 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14504.50 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2782.97 kN. 

           -. phiVsz   = phi*Vsz =     2504.67 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2851.29 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    14165.48 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2851.29 kN. 

           -. phiVsy   = phi*Vsy =     2566.16 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     920.473 kN. 

           -. Vr       =    5737.061 kN. 

           -. Ratio    = Vu / Vr = 0.160  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      590.79 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1022.75 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0023 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0018 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0018 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =115100,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -712.97       263.01       349.70      2754.93      3421.57 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -712.97       263.01       349.70      2754.93      3421.57 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =     -2326.185 kN. 

           -. Mry        =      1166.503 kN-m. 

           -. Mrz        =     11052.204 kN-m. 

           -. Mr         =     11113.592 kN-m. 

           -. Pu/Pr      =   0.306  --->  O.K ! 

           -. Muy/Mry    =   0.300  --->  O.K ! 

           -. Muz/Mrz    =   0.310  --->  O.K ! 

           -. Mu/Mr      =   0.310  --->  O.K ! 

           -. Ratio      =   0.310  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3382.22 kN. 

           -. Vuz    =        386.26 kN. 

           -. Muy    =       -272.21 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  30.95 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.39 
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           -. Vuy    =       1118.60 kN. 

           -. Muz    =      -3404.57 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  32.97 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.59 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      386.26 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3872.14 kN. 

           -. phiVcz    = phi * Vcz =     3484.93 kN. 

 

           -. Vuy       =     1118.60 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2966.88 kN. 

           -. phiVcy    = phi * Vcy =     2670.19 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2840.21 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14223.89 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2840.21 kN. 

           -. phiVsz   = phi*Vsz =     2556.19 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2625.83 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    15129.16 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2625.83 kN. 

           -. phiVsy   = phi*Vsy =     2363.25 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1118.599 kN. 

           -. Vr       =    5033.436 kN. 

           -. Ratio    = Vu / Vr = 0.222  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1242.89 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      429.18 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0028 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0041 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0028 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =115101,  LCB = 152+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others          -1724.02       534.84       681.04      1663.69       963.92 

           ------------------------------------------------------------------------------- 

            DL+LL+Others    -1724.02       534.84       681.04      1663.69       963.92 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =     -7561.082 kN. 

           -. Mry        =      2439.394 kN-m. 

           -. Mrz        =      7210.124 kN-m. 

           -. Mr         =      7611.605 kN-m. 

           -. Pu/Pr      =   0.228  --->  O.K ! 

           -. Muy/Mry    =   0.219  --->  O.K ! 

           -. Muz/Mrz    =   0.231  --->  O.K ! 

           -. Mu/Mr      =   0.231  --->  O.K ! 

           -. Ratio      =   0.231  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       4700.00 kN. 

           -. Vuz    =        416.28 kN. 

           -. Muy    =       -616.20 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.52 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.12 
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           -. Vuy    =       1121.82 kN. 

           -. Muz    =       -692.70 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  32.63 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.70 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      416.28 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3565.57 kN. 

           -. phiVcz    = phi * Vcz =     3209.02 kN. 

 

           -. Vuy       =     1121.82 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3086.01 kN. 

           -. phiVcy    = phi * Vcy =     2777.41 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2777.31 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14530.46 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2777.31 kN. 

           -. phiVsz   = phi*Vsz =     2499.58 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2659.59 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    15010.03 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2659.59 kN. 

           -. phiVsy   = phi*Vsy =     2393.63 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1121.817 kN. 

           -. Vr       =    5171.043 kN. 

           -. Ratio    = Vu / Vr = 0.217  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1246.46 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      462.53 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0040 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0056 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0040 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =115200,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -647.87       221.86       298.93      2849.99      3501.99 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -647.87       221.86       298.93      2849.99      3501.99 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =     -2087.317 kN. 

           -. Mry        =       980.379 kN-m. 

           -. Mrz        =     11233.472 kN-m. 

           -. Mr         =     11276.172 kN-m. 

           -. Pu/Pr      =   0.310  --->  O.K ! 

           -. Muy/Mry    =   0.305  --->  O.K ! 

           -. Muz/Mrz    =   0.312  --->  O.K ! 

           -. Mu/Mr      =   0.312  --->  O.K ! 

           -. Ratio      =   0.312  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3354.41 kN. 

           -. Vuz    =        466.03 kN. 

           -. Muy    =       -221.52 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.06 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.33 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

 
APÉNDICE 8. DISEÑO DE ENCEPADOS 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00  

 
HOJA: 129 DE 158 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

 

           -. Vuy    =       1093.56 kN. 

           -. Muz    =      -3498.86 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  32.99 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.59 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      466.03 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3805.85 kN. 

           -. phiVcz    = phi * Vcz =     3425.27 kN. 

 

           -. Vuy       =     1093.56 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2960.88 kN. 

           -. phiVcy    = phi * Vcy =     2664.79 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2827.30 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14290.19 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2827.30 kN. 

           -. phiVsz   = phi*Vsz =     2544.57 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2624.07 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    15135.16 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2624.07 kN. 

           -. phiVsy   = phi*Vsy =     2361.67 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1093.556 kN. 

           -. Vr       =    5026.453 kN. 

           -. Ratio    = Vu / Vr = 0.218  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1215.06 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      517.82 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0029 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0040 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =115201,  LCB = 152+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others          -1657.65       379.12       515.72      1292.94       637.90 

           ------------------------------------------------------------------------------- 

            DL+LL+Others    -1657.65       379.12       515.72      1292.94       637.90 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =     -8460.809 kN. 

           -. Mry        =      2152.106 kN-m. 

           -. Mrz        =      6574.709 kN-m. 

           -. Mr         =      6917.973 kN-m. 

           -. Pu/Pr      =   0.196  --->  O.K ! 

           -. Muy/Mry    =   0.176  --->  O.K ! 

           -. Muz/Mrz    =   0.197  --->  O.K ! 

           -. Mu/Mr      =   0.197  --->  O.K ! 

           -. Ratio      =   0.197  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       4676.34 kN. 

           -. Vuz    =        524.95 kN. 

           -. Muy    =       -453.76 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.68 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.05 
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           -. Vuy    =       1167.98 kN. 

           -. Muz    =       -909.14 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  32.70 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.68 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      524.95 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3486.66 kN. 

           -. phiVcz    = phi * Vcz =     3137.99 kN. 

 

           -. Vuy       =     1167.98 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3062.51 kN. 

           -. phiVcy    = phi * Vcy =     2756.26 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2759.70 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14609.38 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2759.70 kN. 

           -. phiVsz   = phi*Vsz =     2483.73 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2653.09 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    15033.52 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2653.09 kN. 

           -. phiVsy   = phi*Vsy =     2387.78 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1167.979 kN. 

           -. Vr       =    5144.046 kN. 

           -. Ratio    = Vu / Vr = 0.227  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1297.75 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      583.28 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0035 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0056 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0035 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

 
APÉNDICE 8. DISEÑO DE ENCEPADOS 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00  

 
HOJA: 135 DE 158 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =116000,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           1032.84       522.17       761.29      1673.35      1895.13 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     1032.84       522.17       761.29      1673.35      1895.13 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =      522.17 kN-m. 

           -. End Moments (My2) =      761.29 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.491 m. 

           -. Unbraced lengths  (Ly)         =    0.600 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    1.223  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =      761.29 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      761.29 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =     1673.35 kN-m. 

           -. End Moments (Mz2) =     1895.13 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.491 m. 

           -. Unbraced lengths  (Lz)         =    0.600 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    1.223  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =     1895.13 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1895.13 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =      8276.301 kN. 

           -. Mry        =      6077.962 kN-m. 

           -. Mrz        =     15323.161 kN-m. 

           -. Mr         =     16484.565 kN-m. 

           -. Pu/Pr      =   0.125  --->  O.K ! 

           -. Muy/Mry    =   0.125  --->  O.K ! 

           -. Muz/Mrz    =   0.124  --->  O.K ! 

           -. Mu/Mr      =   0.125  --->  O.K ! 

           -. Ratio      =   0.125  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2630.11 kN. 

           -. Vuz    =        604.61 kN. 

           -. Muy    =      -1016.52 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.04 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.34 

 

           -. Vuy    =        304.48 kN. 

           -. Muz    =      -1342.31 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  30.97 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   3.38 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =      604.61 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3819.86 kN. 

           -. phiVcz    = phi * Vcz =     3437.87 kN. 

 

           -. Vuy       =      304.48 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3860.45 kN. 

           -. phiVcy    = phi * Vcy =     3474.40 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2830.06 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14276.18 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2830.06 kN. 

           -. phiVsz   = phi*Vsz =     2547.05 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2837.95 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    14235.59 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2837.95 kN. 

           -. phiVsy   = phi*Vsy =     2554.16 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     604.608 kN. 

           -. Vr       =    5984.923 kN. 

           -. Ratio    = Vu / Vr = 0.101  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      338.31 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      671.79 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0012 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0011 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0011 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =116001,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           1069.58       761.29      1007.27      1895.13      2123.45 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     1069.58       761.29      1007.27      1895.13      2123.45 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =      761.29 kN-m. 

           -. End Moments (My2) =     1007.27 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.491 m. 

           -. Unbraced lengths  (Ly)         =    0.600 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    1.223  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =     1007.27 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1007.27 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =     1895.13 kN-m. 

           -. End Moments (Mz2) =     2123.45 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.491 m. 

           -. Unbraced lengths  (Lz)         =    0.600 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    1.223  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =     2123.45 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2123.45 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =      7246.630 kN. 

           -. Mry        =      7012.630 kN-m. 

           -. Mrz        =     14379.095 kN-m. 

           -. Mr         =     15997.980 kN-m. 

           -. Pu/Pr      =   0.148  --->  O.K ! 

           -. Muy/Mry    =   0.144  --->  O.K ! 

           -. Muz/Mrz    =   0.148  --->  O.K ! 

           -. Mu/Mr      =   0.148  --->  O.K ! 

           -. Ratio      =   0.148  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2681.21 kN. 

           -. Vuz    =        615.96 kN. 

           -. Muy    =      -1352.01 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.24 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.24 

 

           -. Vuy    =        312.17 kN. 

           -. Muz    =      -1503.64 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  31.08 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   3.32 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =      615.96 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3708.63 kN. 

           -. phiVcz    = phi * Vcz =     3337.77 kN. 

 

           -. Vuy       =      312.17 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3798.07 kN. 

           -. phiVcy    = phi * Vcy =     3418.26 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2807.70 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14387.41 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2807.70 kN. 

           -. phiVsz   = phi*Vsz =     2526.93 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2825.76 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    14297.97 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2825.76 kN. 

           -. phiVsy   = phi*Vsy =     2543.18 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     615.964 kN. 

           -. Vr       =    5864.695 kN. 

           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      346.85 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      684.40 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0010 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0006 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =117100,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -600.78       416.63       744.77      3621.12      4385.98 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -600.78       416.63       744.77      3621.12      4385.98 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =     -1567.839 kN. 

           -. Mry        =      2005.929 kN-m. 

           -. Mrz        =     11438.789 kN-m. 

           -. Mr         =     11613.340 kN-m. 

           -. Pu/Pr      =   0.383  --->  O.K ! 

           -. Muy/Mry    =   0.371  --->  O.K ! 

           -. Muz/Mrz    =   0.383  --->  O.K ! 

           -. Mu/Mr      =   0.383  --->  O.K ! 

           -. Ratio      =   0.383  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3607.38 kN. 

           -. Vuz    =        600.82 kN. 

           -. Muy    =       -723.94 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.38 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.18 
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           -. Vuy    =       1283.37 kN. 

           -. Muz    =      -4325.08 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  33.66 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.40 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      600.82 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3636.55 kN. 

           -. phiVcz    = phi * Vcz =     3272.90 kN. 

 

           -. Vuy       =     1283.37 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2746.98 kN. 

           -. phiVcy    = phi * Vcy =     2472.28 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 

           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.223 m. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2792.63 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14459.49 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2792.63 kN. 

           -. phiVsz   = phi*Vsz =     2513.36 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2557.71 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    15349.06 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2557.71 kN. 

           -. phiVsy   = phi*Vsy =     2301.94 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1283.365 kN. 

           -. Vr       =    4774.218 kN. 

           -. Ratio    = Vu / Vr = 0.269  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1425.96 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      667.57 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0043 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0032 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0043 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =117101,  LCB = 152+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others          -1650.04       678.88      1018.04       952.58       412.32 

           ------------------------------------------------------------------------------- 

            DL+LL+Others    -1650.04       678.88      1018.04       952.58       412.32 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =     -9472.972 kN. 

           -. Mry        =      3828.145 kN-m. 

           -. Mrz        =      5492.302 kN-m. 

           -. Mr         =      6694.780 kN-m. 

           -. Pu/Pr      =   0.174  --->  O.K ! 

           -. Muy/Mry    =   0.177  --->  O.K ! 

           -. Muz/Mrz    =   0.173  --->  O.K ! 

           -. Mu/Mr      =   0.177  --->  O.K ! 

           -. Ratio      =   0.177  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       4964.05 kN. 

           -. Vuz    =        644.64 kN. 

           -. Muy    =       -989.31 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.98 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.93 
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           -. Vuy    =       1185.83 kN. 

           -. Muz    =       -105.45 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  32.84 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.63 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      644.64 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3348.47 kN. 

           -. phiVcz    = phi * Vcz =     3013.62 kN. 

 

           -. Vuy       =     1185.83 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3011.37 kN. 

           -. phiVcy    = phi * Vcy =     2710.23 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2727.30 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14747.57 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2727.30 kN. 

           -. phiVsz   = phi*Vsz =     2454.57 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2638.68 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    15084.67 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2638.68 kN. 

           -. phiVsy   = phi*Vsy =     2374.81 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1185.829 kN. 

           -. Vr       =    5085.042 kN. 

           -. Ratio    = Vu / Vr = 0.233  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1317.59 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      716.26 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0053 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0049 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0049 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =117200,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -548.19       553.17       805.91      3467.52      4135.85 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -548.19       553.17       805.91      3467.52      4135.85 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =     -1506.838 kN. 

           -. Mry        =      2256.709 kN-m. 

           -. Mrz        =     11434.805 kN-m. 

           -. Mr         =     11655.363 kN-m. 

           -. Pu/Pr      =   0.364  --->  O.K ! 

           -. Muy/Mry    =   0.357  --->  O.K ! 

           -. Muz/Mrz    =   0.362  --->  O.K ! 

           -. Mu/Mr      =   0.364  --->  O.K ! 

           -. Ratio      =   0.364  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3602.41 kN. 

           -. Vuz    =        480.02 kN. 

           -. Muy    =       -783.87 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.21 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.26 
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           -. Vuy    =       1122.68 kN. 

           -. Muz    =      -4173.22 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  33.45 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.46 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      480.02 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3727.13 kN. 

           -. phiVcz    = phi * Vcz =     3354.42 kN. 

 

           -. Vuy       =     1122.68 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2809.32 kN. 

           -. phiVcy    = phi * Vcy =     2528.38 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2811.49 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14368.91 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2811.49 kN. 

           -. phiVsz   = phi*Vsz =     2530.34 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2577.84 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    15286.72 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2577.84 kN. 

           -. phiVsy   = phi*Vsy =     2320.06 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1122.684 kN. 

           -. Vr       =    4848.440 kN. 

           -. Ratio    = Vu / Vr = 0.232  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1247.43 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      533.36 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0037 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0034 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =117201,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    62) : Encep_170x170 

        Column Height (L)                =         0.600 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.700 m. 

        Section Width  (Bc)              =         1.700 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15-#10 (    0.0123)       13-#10 (    0.0107)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others          -1560.07       915.98      1177.60       767.97       101.74 

           ------------------------------------------------------------------------------- 

            DL+LL+Others    -1560.07       915.98      1177.60       767.97       101.74 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0159 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     51392.249 kN. 

           -. Pr         =     -8654.207 kN. 

           -. Mry        =      6531.080 kN-m. 

           -. Mrz        =       580.604 kN-m. 

           -. Mr         =      6556.836 kN-m. 

           -. Pu/Pr      =   0.180  --->  O.K ! 

           -. Muy/Mry    =   0.180  --->  O.K ! 

           -. Muz/Mrz    =   0.175  --->  O.K ! 

           -. Mu/Mr      =   0.180  --->  O.K ! 

           -. Ratio      =   0.180  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       4962.58 kN. 

           -. Vuz    =        514.32 kN. 

           -. Muy    =      -1146.14 kN-m. 

           -. bvz    =   1.70 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.54 m. 

           -. thetaz =  31.96 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.94 
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           -. Vuy    =       1289.89 kN. 

           -. Muz    =       -401.18 kN-m. 

           -. bvy    =   1.70 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.54 m. 

           -. thetay =  33.00 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.58 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      514.32 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3360.05 kN. 

           -. phiVcz    = phi * Vcz =     3024.04 kN. 

 

           -. Vuy       =     1289.89 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2954.38 kN. 

           -. phiVcy    = phi * Vcy =     2658.94 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2730.10 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14735.99 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2730.10 kN. 

           -. phiVsz   = phi*Vsz =     2457.09 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2622.17 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    15141.66 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2622.17 kN. 

           -. phiVsy   = phi*Vsy =     2359.95 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1289.887 kN. 

           -. Vr       =    5018.892 kN. 

           -. Ratio    = Vu / Vr = 0.257  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1433.21 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      571.46 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0046 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0049 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0046 m^2. 

           -. As      =   0.0459 m^2. 

           -. As_req < As  --->  O.K ! 
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BOSQUE DE CHAPULTEPEC. 

 

TRAMO: 

AV. MOLINO DEL REY 1A. SECCIÓN -AV. COMPOSITORES 2A. SECC. DEL 

BOSQUE DE CHAPULTEPEC. 
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APÉNDICE: 

1. SECCIONES CONSIDERADAS EN LOS MODELOS GENERALES 
Las diferentes secciones consideradas en los modelos y asignadas a las correspondientes barras, así 

como sus propiedades, se pueden consultar a continuación. 

 

TABLA 1. SECCIÓN (1): ELEMENTO RÍGIDO AUXILIAR 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

22500.000 18750.000 18750.000 75.000 75.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

71191400.000 42187500.000 42187500.000 75.000 75.000 

 

  

y

z
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TABLA 2. SECCIÓN (2): CAJÓN TABLERO 1000X600X(7/8") 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

690.686 444.000 266.400 30.000 30.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

911045.729 434217.303 959739.066 50.000 50.000 

 

TABLA 3. SECCIÓN (3): CAJÓN TABLERO 500X600X(1") 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

532.994 254.000 304.800 30.000 30.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

360074.314 279916.626 210171.558 25.000 25.000 

 

TABLA 4. SECCIÓN (4): CAJÓN TABLERO 500X600X(7/8") 

y

z

y

z
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A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

468.686 222.000 266.400 30.000 30.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

320575.962 248837.802 187143.161 25.000 25.000 

 

TABLA 5. SECCIÓN (5): CAJÓN TABLERO 500X1600X(1") 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

1040.994 254.000 812.800 80.000 80.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

1384443.788 3148534.172 496506.029 25.000 25.000 

 

TABLA 6. SECCIÓN (6): CAJÓN TABLERO 500X1600X(7/8") 

y

z

y

z
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A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

912.686 222.000 710.400 80.000 80.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

1227553.857 2774559.211 440730.564 25.000 25.000 

 

TABLA 7. SECCIÓN (7): PERFIL W14X53 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

100.645 57.200 33.181 17.653 17.653 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

80.749 22518.120 2401.655 10.236 10.236 

 

TABLA 8. SECCIÓN (10): FUSTE COLUMNA F_0.0-0.0_(1-1/2") 
I-End J-End 

y

z

y

z
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A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1084.936 571.500 571.500 37.500 37.500 1084.936 571.500 571.500 37.500 37.500 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

1374617.772 919036.687 919036.687 37.500 37.500 1374617.772 919036.687 919036.687 37.500 37.500 

 

  

y

z

y

z
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TABLA 9. SECCIÓN (12): FUSTE COLUMNA F_0.0-1.0_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1199.236 628.650 628.650 41.250 41.250 1084.936 571.500 571.500 37.500 37.500 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

1856451.517 1240535.715 1240535.715 41.250 41.250 1374617.772 919036.687 919036.687 37.500 37.500 

 

  

y

z

y

z
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TABLA 10. SECCIÓN (13): FUSTE COLUMNA F_0.0-1.5_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1257.148 657.606 657.606 43.150 43.150 1084.936 571.500 571.500 37.500 37.500 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

2138596.671 1428772.594 1428772.594 43.150 43.150 1374617.772 919036.687 919036.687 37.500 37.500 

 

  

y

z

y

z
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TABLA 11. SECCIÓN (15): FUSTE COLUMNA F_0.0-2.5_(1-1/2") 
I-End J-End 

    

A(m 2) Asy(m 2) Asz(m 2) z(+)(m) 
z(-

)(m) 
A(m 2) Asy(m 2) Asz(m 2) z(+)(m) 

z(-

)(m) 

0.137 0.071 0.071 0.469 0.469 0.108 0.057 0.057 0.375 0.375 

Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) 
y(-

)(m) 
Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) 

y(-

)(m) 

0.028 0.019 0.019 0.469 0.469 0.014 0.009 0.009 0.375 0.375 

 

  

y

z

y

z
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TABLA 12. SECCIÓN (16): FUSTE COLUMNA F_0.0-3.0_(1-1/2") 
I-End J-End 

    

A(m 2) Asy(m 2) Asz(m 2) z(+)(m) 
z(-

)(m) 
A(m 2) Asy(m 2) Asz(m 2) z(+)(m) 

z(-

)(m) 

0.143 0.074 0.074 0.487 0.487 0.108 0.057 0.057 0.375 0.375 

Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) 
y(-

)(m) 
Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) 

y(-

)(m) 

0.031 0.021 0.021 0.487 0.487 0.014 0.009 0.009 0.375 0.375 

 

  

y

z

y

z
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TABLA 13. SECCIÓN (19): FUSTE COLUMNA F_0.0-4.5_(1-1/2") 
I-End J-End 

    

A(m 2) Asy(m 2) Asz(m 2) z(+)(m) 
z(-

)(m) 
A(m 2) Asy(m 2) Asz(m 2) z(+)(m) 

z(-

)(m) 

0.160 0.083 0.083 0.544 0.544 0.108 0.057 0.057 0.375 0.375 

Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) 
y(-

)(m) 
Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) 

y(-

)(m) 

0.044 0.029 0.029 0.544 0.544 0.014 0.009 0.009 0.375 0.375 

 

  

y

z

y

z
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TABLA 14. SECCIÓN (31): FUSTE COLUMNA RECTANGULAR F_R_INF_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1084.936 571.500 571.500 37.500 37.500 1218.286 769.620 506.730 33.250 33.250 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

1374617.772 919036.687 919036.687 37.500 37.500 1769296.163 886711.112 1714296.035 50.500 50.500 

 

  

y

z

y

z
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TABLA 15. SECCIÓN (32): FUSTE COLUMNA RECTANGULAR F_R_SUP_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1218.286 769.620 506.730 33.250 33.250 1504.798 1089.660 473.202 31.050 31.050 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

1769296.163 886711.112 1714296.035 50.500 50.500 2540013.548 1029588.947 3868077.658 71.500 71.500 

 

  

y

z

y

z
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TABLA 16. SECCIÓN (35): FUSTE COLUMNA RECTANGULAR F_R_SUP_C_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1438.504 1013.460 483.108 31.700 31.700 1504.798 1089.660 473.202 31.050 31.050 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

2392233.440 1011124.009 3267939.042 66.500 66.500 2540013.548 1029588.947 3868077.658 71.500 71.500 

 

  

y

z

y

z
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TABLA 17. SECCIÓN (43): PLINTO C_135X135 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

18225.000 15187.500 15187.500 67.500 67.500 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

46708681.641 27679218.750 27679218.750 67.500 67.500 

 

TABLA 18. SECCIÓN (44): PLINTO C_140X140 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

19600.000 16333.333 16333.333 70.000 70.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

54022500.000 32013333.333 32013333.333 70.000 70.000 

 

TABLA 19. SECCIÓN (45): PLINTO C_145X145 

y

z

y

z
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A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

21025.000 17520.833 17520.833 72.500 72.500 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

62163369.141 36837552.083 36837552.083 72.500 72.500 

 

TABLA 20. SECCIÓN (46): PLINTO C_150X150 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

21025.000 17520.833 17520.833 72.500 72.500 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

62163369.141 36837552.083 36837552.083 72.500 72.500 

 

TABLA 21. SECCIÓN (47): PLINTO C_155X155 

y

z

y

z
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A(m 2) Asy(m 2) Asz(m 2) z(+)(m) z(-)(m) 

2.403 2.002 2.002 0.775 0.775 

Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) y(-)(m) 

0.812 0.481 0.481 0.775 0.775 

 

TABLA 22. SECCIÓN (48): PLINTO C_160X160 

  

A(m 2) Asy(m 2) Asz(m 2) z(+)(m) z(-)(m) 

2.560 2.133 2.133 0.800 0.800 

Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) y(-)(m) 

0.922 0.546 0.546 0.800 0.800 

 

TABLA 23. SECCIÓN (49): PLINTO C_165X165 

y

z

y

z
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A(m 2) Asy(m 2) Asz(m 2) z(+)(m) z(-)(m) 

2.722 2.269 2.269 0.825 0.825 

Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) y(-)(m) 

1.042 0.618 0.618 0.825 0.825 

 

TABLA 24. SECCIÓN (51): ENCEPADO C_185(95)X250(85) 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

38825.000 32354.167 32354.167 125.000 125.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

214912118.462 167493932.292 86477135.417 92.500 92.500 

 

TABLA 25. SECCIÓN (52): ENCEPADO C_215(95)X290(85) 

y

z

y

z
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A(m 2) Asy(m 2) Asz(m 2) z(+)(m) z(-)(m) 

5.005 4.171 4.171 1.450 1.450 

Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) y(-)(m) 

3.782 2.787 1.435 1.075 1.075 

 

TABLA 26. SECCIÓN (55): ENCEPADO C_125X215 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

26875.000 22395.833 22395.833 62.500 62.500 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

89192589.469 34993489.583 103524739.583 107.500 107.500 

 

TABLA 27. SECCIÓN (61): ENCEPADO ENCEP_500X150 

y

z

y

z
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A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

75000.000 62500.000 62500.000 75.000 75.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

456259260.937 140625000.000 1562500000.000 250.000 250.000 

 

TABLA 28. SECCIÓN (62): ENCEPADO ENCEP_170X170 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

28900.000 24083.333 24083.333 85.000 85.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

117451406.250 69600833.333 69600833.333 85.000 85.000 

 

TABLA 29. SECCIÓN (63): PILA _1.00 

y

z

y

z
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A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

7853.982 7068.583 7068.583 50.000 50.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

9817477.042 4908738.521 4908738.521 50.000 50.000 

 

TABLA 30. SECCIÓN (64): PILA_1.20 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

11309.734 10178.760 10178.760 60.000 60.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

20357520.395 10178760.198 10178760.198 60.000 60.000 

 

TABLA 31. SECCIÓN (65): VIGA_120X100 

y

z

y

z
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A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

12000.000 10000.000 10000.000 50.000 50.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

19843942.901 10000000.000 14400000.000 60.000 60.000 

 

  

y

z
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TABLA 32. SECCIÓN (73): RAMA COLUMNA R_VERT_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

888.340 473.202 473.202 31.050 31.050 627.736 342.900 342.900 22.500 22.500 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

754583.217 505204.682 505204.682 31.050 31.050 266256.581 179023.100 179023.100 22.500 22.500 

 

  

y

z

y

z
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TABLA 33. SECCIÓN (81) : DIAFRAGMA 

  

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) z(-)(cm) 

3145.000 2620.830 2620.830 8.500 8.500 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) y(-)(cm) 

285429.000 75742.100 8969800.000 92.500 92.500 

 

  

y

z
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TABLA 34. SECCIÓN (131): NUDO COLUMNA F_R_INF_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1069.366 534.683 534.683 37.500 37.500 1636.548 811.623 824.925 74.000 74.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

1391286.112 898063.564 898063.564 37.500 37.500 5722240.671 4582589.530 2416490.066 50.500 50.500 

 

  

y

z

y

z
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TABLA 35. SECCIÓN (132): NUDO COLUMNA F_R_SUP_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1636.548 811.623 824.925 74.000 74.000 2192.504 1089.779 1102.726 106.000 106.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

5722240.671 4582589.530 2416490.066 50.500 50.500 14120474.729 11396159.154 5696537.261 71.500 71.500 

 

  

y

z

y

z
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TABLA 36. SECCIÓN (133): NUDO COLUMNA F_R_INF_B_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1422.360 703.921 718.439 60.500 60.500 1636.548 811.623 824.925 74.000 74.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

3569302.807 2817576.994 1647717.909 43.500 43.500 5722240.671 4582589.530 2416490.066 50.500 50.500 

 

  

y

z

y

z
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TABLA 37. SECCIÓN (134): NUDO COLUMNA F_R_SUP_B_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

1731.022 861.169 869.853 79.500 79.500 2192.504 1089.779 1102.726 106.000 106.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

6862469.092 5488561.638 2848926.113 54.000 54.000 14120474.729 11396159.154 5696537.261 71.500 71.500 

 

  

y

z

y

z
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TABLA 38. SECCIÓN (136): NUDO COLUMNA F_R_SUP_D_(1-1/2") 
I-End J-End 

    

A(m 2) Asy(m 2) Asz(m 2) z(+)(m) 
z(-

)(m) 
A(m 2) Asy(m 2) Asz(m 2) z(+)(m) 

z(-

)(m) 

0.206 0.103 0.104 0.985 0.985 0.219 0.109 0.110 1.060 1.060 

Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) 
y(-

)(m) 
Ixx(m 4) Iyy(m 4) Izz(m 4) y(+)(m) 

y(-

)(m) 

0.118 0.095 0.048 0.665 0.665 0.141 0.114 0.057 0.715 0.715 

 

  

y

z

y

z
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TABLA 39. SECCIÓN (171): RAMA COLUMNA R_TRANSV_INF_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

885.292 455.676 487.680 32.000 32.000 660.502 413.766 304.800 20.000 20.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

744891.847 527062.835 473011.011 29.900 29.900 293510.726 157537.311 259210.951 27.150 27.150 

 

  

y

z

y

z
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TABLA 40. SECCIÓN (172): RAMA COLUMNA R_LONG_INF_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

852.526 468.630 441.960 29.000 29.000 679.552 432.816 304.800 20.000 20.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

665643.804 425805.000 467584.908 30.750 30.750 314233.519 163797.879 289867.191 28.400 28.400 

 

  

y

z

y

z
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TABLA 41. SECCIÓN (173): RAMA COLUMNA R_TRANSV_SUP_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

660.502 413.766 304.800 20.000 20.000 589.636 342.900 304.800 20.000 20.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

293510.726 157537.311 259210.951 27.150 27.150 218819.991 134248.001 162816.743 22.500 22.500 

 

  

y

z

y

z
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TABLA 42. SECCIÓN (174): RAMA COLUMNA R_LONG_SUP_(1-1/2") 
I-End J-End 

    

A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 
z(-

)(cm) 
A(cm 2) Asy(cm 2) Asz(cm 2) z(+)(cm) 

z(-

)(cm) 

679.552 432.816 304.800 20.000 20.000 589.636 342.900 304.800 20.000 20.000 

Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 
y(-

)(cm) 
Ixx(cm 4) Iyy(cm 4) Izz(cm 4) y(+)(cm) 

y(-

)(cm) 

314233.519 163797.879 289867.191 28.400 28.400 218819.991 134248.001 162816.743 22.500 22.500 

 

 

y

z

y

z
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APÉNDICE: 

2. FICHEROS DE ENTRADA DE MODELOS GENERALES DE 

MIDAS 
A continuación, se incluyen los ficheros de entrada de los modelos de cálculo del tramo 1 y tramo 2 de 

la calzada peatonal. 

2.1. CALZADA PEATONAL TRAMO 1 
 

;--------------------------------------------------------------------------- 

;  MIDAS/Civil Text(MCT) File. 

;  Date : 2021/7/5 

;--------------------------------------------------------------------------- 

 

*VERSION 

   8.8.5 

 

*UNIT    ; Unit System 

; FORCE, LENGTH, HEAT, TEMPER 

   KN   , M, BTU, C 

 

*PROJINFO    ; Project Information 

; PROJECT, REVISION, USER, EMAIL, ADDRESS, TEL, FAX, CLIENT, TITLE, ENGINEER, EDATE       ; One Line per 

Data 

; CHECK1, CDATE1, CHECK2, CDATE2, CHECK3, CDATE3, APPROVE, ADATE, COMMENT                 ; One Line per 

Data 

   USER=temha 

   ADDRESS=temha 

 

*STRUCTYPE    ; Structure Type 

; iSTYP, iMASS, iSMAS, bMASSOFFSET, bSELFWEIGHT, GRAV, TEMPER, bALIGNBEAM, bALIGNSLAB, bROTRIGID 

     0, 1, 1, NO, YES, 9.806, 0, NO, NO, NO 

 

*REBAR-MATL-CODE    ; Rebar Material Code 

; CONC_CODE, CONC_MDB, SRC_CODE, SRC_MDB 

 ASTM(RC), Grade 60, ASTM(RC), Grade 60 

 

*NODE    ; Nodes 

; iNO, X, Y, Z 

     1, 2.846, -7.744, 1.148 

     2, 2.156, -5.866, 1.148 

     3, 1.466, -3.989, 1.148 

     4, -1.466, 3.989, 1.148 

     5, -2.156, 5.866, 1.148 

     6, -2.846, 7.744, 1.148 

   100, 0, 0, 0.948 

   101, 2.846, -7.744, 0.948 

   102, 2.156, -5.866, 0.948 

   103, 1.466, -3.989, 0.948 

   104, -1.466, 3.989, 0.948 

   105, -2.156, 5.866, 0.948 

   106, -2.846, 7.744, 0.948 

   111, 2.932, -7.978, 0.948 

   112, 2.242, -6.101, 0.948 

   113, 1.552, -4.224, 0.948 

   114, -1.38, 3.754, 0.948 

   115, -2.07, 5.632, 0.948 

   116, -2.76, 7.509, 0.948 

   121, 2.932, -7.978, 1.148 
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   122, 2.242, -6.101, 1.148 

   123, 1.552, -4.224, 1.148 

   124, -1.38, 3.754, 1.148 

   125, -2.07, 5.632, 1.148 

   126, -2.76, 7.509, 1.148 

   131, 2.622, -7.826, 0.948 

   132, 1.929, -5.95, 0.948 

   133, 1.237, -4.074, 0.948 

   134, -1.706, 3.901, 0.948 

   135, -2.398, 5.777, 0.948 

   136, -3.091, 7.653, 0.948 

   141, 2.622, -7.826, 1.148 

   142, 1.929, -5.95, 1.148 

   143, 1.237, -4.074, 1.148 

   144, -1.706, 3.901, 1.148 

   145, -2.398, 5.777, 1.148 

   146, -3.091, 7.653, 1.148 

  1001, 2.846, -7.744, 1.748 

  1002, 4.195, -7.254, 1.791 

  1003, 5.434, -6.815, 1.831 

  1004, 6.677, -6.384, 1.871 

  1005, 7.923, -5.963, 1.91 

  1006, 9.172, -5.55, 1.95 

  1007, 10.538, -5.111, 1.993 

  1008, 11.907, -4.682, 2.036 

  1009, 13.165, -4.299, 2.076 

  1010, 14.426, -3.924, 2.116 

  1011, 15.689, -3.559, 2.155 

  1012, 16.955, -3.203, 2.195 

  1013, 18.339, -2.825, 2.238 

  1014, 19.726, -2.458, 2.281 

  1015, 21, -2.131, 2.321 

  1016, 22.277, -1.814, 2.361 

  1017, 23.555, -1.505, 2.4 

  1018, 24.836, -1.206, 2.44 

  1019, 26.236, -0.891, 2.483 

  1020, 27.086, 2.005, 2.526 

  1021, 28.219, 3.121, 2.566 

  1022, 29.438, 3.867, 2.606 

  1023, 30.757, 4.123, 2.645 

  1024, 32.079, 4.37, 2.685 

  1025, 33.522, 4.628, 2.728 

  1026, 34.968, 4.875, 2.771 

  1027, 36.294, 5.091, 2.811 

  1028, 37.623, 5.297, 2.851 

  1029, 38.952, 5.494, 2.89 

  1030, 40.283, 5.681, 2.93 

  1031, 41.737, 5.875, 2.973 

  1032, 42.998, 6.033, 2.935 

  1033, 44.121, 6.166, 2.902 

  1034, 45.244, 6.293, 2.869 

  1035, 46.367, 6.413, 2.835 

  1036, 47.492, 6.525, 2.802 

  1037, 48.758, 6.644, 2.764 

  1038, 50.024, 6.754, 2.726 

  1039, 51.151, 6.845, 2.693 

  1040, 52.278, 6.929, 2.66 

  1041, 53.405, 7.006, 2.626 

  1042, 54.533, 7.076, 2.593 

  1043, 55.803, 7.146, 2.555 

  1044, 57.17, 7.212, 2.494 

  1045, 58.317, 7.26, 2.442 

  1046, 59.465, 7.301, 2.39 

  1047, 60.613, 7.334, 2.339 

  1048, 61.982, 7.365, 2.277 

  1049, 63.35, 7.385, 2.216 

  1050, 64.499, 7.395, 2.164 

  1051, 65.648, 7.397, 2.113 
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  1052, 66.796, 7.393, 2.061 

  1053, 68.165, 7.378, 2 

  1054, 69.631, 7.35, 1.934 

  1055, 70.975, 7.315, 1.874 

  1056, 72.318, 7.271, 1.813 

  1057, 73.661, 7.216, 1.753 

  1058, 75.004, 7.152, 1.693 

  1059, 76.468, 7.07, 1.627 

  1060, 77.931, 6.978, 1.561 

  1061, 79.272, 6.882, 1.501 

  1062, 80.612, 6.777, 1.44 

  1063, 81.908, 6.175, 1.38 

  1064, 83.16, 5.195, 1.32 

  1065, 84.333, 2.413, 1.254 

  1066, 85.76, 2.258, 1.214 

  1067, 87.066, 2.106, 1.177 

  1068, 88.371, 1.945, 1.141 

  1069, 89.675, 1.774, 1.104 

  1070, 90.978, 1.594, 1.067 

  1071, 92.398, 1.387, 1.028 

  1072, 93.816, 1.168, 0.988 

  1073, 95.114, 0.958, 0.951 

  1074, 96.411, 0.738, 0.914 

  1075, 97.706, 0.509, 0.878 

  1076, 99, 0.271, 0.841 

  1077, 100.409, 0, 0.801 

  1078, 101.815, -0.281, 0.761 

  1079, 103.103, -0.55, 0.724 

  1080, 104.389, -0.827, 0.688 

  1081, 105.672, -1.114, 0.651 

  1082, 106.954, -1.41, 0.614 

  1083, 108.349, -1.743, 0.575 

  1084, 109.742, -2.088, 0.535 

  1085, 111.016, -2.414, 0.498 

  1086, 112.288, -2.748, 0.461 

  1087, 113.558, -3.092, 0.425 

  1088, 114.824, -3.445, 0.388 

  1089, 116.204, -3.841, 0.348 

  1090, 118.341, -1.709, 0.308 

  1091, 119.87, -1.275, 0.271 

  1092, 121.298, -1.207, 0.235 

  1093, 122.578, -1.616, 0.198 

  1094, 123.855, -2.035, 0.161 

  1095, 125.245, -2.502, 0.122 

  1096, 126.678, -2.996, 0.08 

  1097, 128.023, -3.472, 0.041 

  1098, 129.448, -3.989, 0 

  2001, 2.156, -5.866, 1.748 

  2007, 10.041, -3.548, 1.993 

  2019, 25.881, 0.71, 2.483 

  2031, 41.495, 7.749, 2.973 

  2043, 55.704, 9.033, 2.555 

  2053, 68.192, 9.267, 2 

  2065, 84.504, 4.044, 1.254 

  2077, 100.724, 1.61, 0.801 

  2089, 116.662, -2.266, 0.348 

  2095, 125.855, -0.713, 0.122 

  3001, 1.466, -3.989, 1.748 

  3002, 2.844, -3.489, 1.791 

  3003, 4.111, -3.04, 1.831 

  3004, 5.382, -2.6, 1.871 

  3005, 6.655, -2.169, 1.91 

  3006, 7.931, -1.747, 1.95 

  3007, 9.327, -1.298, 1.993 

  3008, 10.727, -0.86, 2.036 

  3009, 12.012, -0.468, 2.076 

  3010, 13.301, -0.086, 2.116 

  3011, 14.592, 0.288, 2.155 
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  3012, 15.886, 0.652, 2.195 

  3013, 17.301, 1.038, 2.238 

  3014, 18.719, 1.413, 2.281 

  3015, 20.021, 1.747, 2.321 

  3016, 21.325, 2.071, 2.361 

  3017, 22.632, 2.386, 2.4 

  3018, 23.941, 2.692, 2.44 

  3019, 25.371, 3.015, 2.483 

  3020, 26.804, 3.326, 2.526 

  3021, 28.12, 3.601, 2.566 

  3063, 81.952, 6.663, 1.38 

  3064, 83.29, 6.538, 1.32 

  3065, 84.749, 6.392, 1.254 

  3066, 86.207, 6.233, 1.214 

  3067, 87.542, 6.078, 1.177 

  3068, 88.876, 5.913, 1.141 

  3069, 90.209, 5.739, 1.104 

  3070, 91.541, 5.554, 1.067 

  3071, 92.992, 5.343, 1.028 

  3072, 94.441, 5.119, 0.988 

  3073, 95.768, 4.904, 0.951 

  3074, 97.093, 4.68, 0.914 

  3075, 98.417, 4.446, 0.878 

  3076, 99.739, 4.202, 0.841 

  3077, 101.179, 3.926, 0.801 

  3078, 102.617, 3.637, 0.761 

  3079, 103.933, 3.363, 0.724 

  3080, 105.247, 3.08, 0.688 

  3081, 106.558, 2.787, 0.651 

  3082, 107.868, 2.484, 0.614 

  3083, 109.294, 2.143, 0.575 

  3084, 110.718, 1.791, 0.535 

  3085, 112.02, 1.458, 0.498 

  3086, 113.32, 1.116, 0.461 

  3087, 114.618, 0.765, 0.425 

  3088, 115.912, 0.404, 0.388 

  3089, 117.322, -0.001, 0.348 

  3090, 118.728, -0.416, 0.308 

  3091, 120.014, -0.807, 0.271 

  4002, 2.392, -2.227, 1.791 

  4003, 3.949, -2.577, 1.831 

  4017, 22.519, 2.863, 2.4 

  4018, 23.641, 3.998, 2.44 

  4019, 24.861, 5.319, 2.483 

  4065, 84.995, 8.739, 1.254 

  4066, 86.357, 7.565, 1.214 

  4067, 87.601, 6.565, 1.177 

  4087, 114.747, 1.237, 0.425 

  4088, 116.277, 1.693, 0.388 

  4089, 117.982, 2.265, 0.348 

  5001, 0, 0, 1.748 

  5019, 24.453, 7.164, 2.483 

  5020, 25.919, 7.483, 2.526 

  5021, 27.265, 7.764, 2.566 

  5022, 28.612, 8.036, 2.606 

  5023, 29.962, 8.298, 2.645 

  5024, 31.314, 8.55, 2.685 

  5025, 32.79, 8.814, 2.728 

  5026, 34.269, 9.067, 2.771 

  5027, 35.626, 9.288, 2.811 

  5028, 36.985, 9.499, 2.851 

  5029, 38.345, 9.701, 2.89 

  5030, 39.707, 9.892, 2.93 

  5031, 41.194, 10.09, 2.973 

  5032, 42.484, 10.252, 2.935 

  5033, 43.632, 10.388, 2.902 

  5034, 44.781, 10.518, 2.869 

  5035, 45.93, 10.64, 2.835 
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  5036, 47.08, 10.755, 2.802 

  5037, 48.375, 10.877, 2.764 

  5038, 49.671, 10.99, 2.726 

  5039, 50.823, 11.082, 2.693 

  5040, 51.976, 11.168, 2.66 

  5041, 53.129, 11.247, 2.626 

  5042, 54.283, 11.318, 2.593 

  5043, 55.581, 11.39, 2.555 

  5044, 56.98, 11.458, 2.494 

  5045, 58.154, 11.507, 2.442 

  5046, 59.328, 11.548, 2.39 

  5047, 60.502, 11.583, 2.339 

  5048, 61.902, 11.614, 2.277 

  5049, 63.302, 11.635, 2.216 

  5050, 64.477, 11.645, 2.164 

  5051, 65.652, 11.647, 2.113 

  5052, 66.827, 11.642, 2.061 

  5053, 68.227, 11.627, 2 

  5054, 69.727, 11.599, 1.934 

  5055, 71.101, 11.563, 1.874 

  5056, 72.475, 11.518, 1.813 

  5057, 73.849, 11.462, 1.753 

  5058, 75.223, 11.396, 1.693 

  5059, 76.72, 11.313, 1.627 

  5060, 78.217, 11.218, 1.561 

  5061, 79.589, 11.12, 1.501 

  5062, 80.96, 11.013, 1.44 

  5063, 82.33, 10.896, 1.38 

  5064, 83.699, 10.769, 1.32 

  5065, 85.191, 10.618, 1.254 

  5089, 118.51, 4.08, 0.348 

  5090, 119.949, 3.655, 0.308 

  5091, 121.264, 3.255, 0.271 

  5092, 122.577, 2.846, 0.235 

  5093, 123.887, 2.427, 0.198 

  5094, 125.193, 1.999, 0.161 

  5095, 126.615, 1.521, 0.122 

  5096, 128.081, 1.016, 0.08 

  5097, 129.457, 0.529, 0.041 

  5098, 130.914, 0, 0 

  6002, 0.428, 3.251, 1.791 

  6003, 1.463, 4.52, 1.831 

  6017, 20.783, 10.18, 2.4 

  6018, 22.338, 9.67, 2.44 

  6019, 24.045, 9.01, 2.483 

  6065, 85.388, 12.498, 1.254 

  6066, 87.008, 13.348, 1.214 

  6067, 88.496, 14.031, 1.177 

  6087, 116.74, 8.488, 0.425 

  6088, 117.86, 7.294, 0.388 

  6089, 119.039, 5.895, 0.348 

  7001, -1.466, 3.989, 1.748 

  7002, -0.025, 4.512, 1.791 

  7003, 1.3, 4.982, 1.831 

  7004, 2.629, 5.442, 1.871 

  7005, 3.961, 5.893, 1.91 

  7006, 5.295, 6.333, 1.95 

  7007, 6.755, 6.803, 1.993 

  7008, 8.219, 7.262, 2.036 

  7009, 9.564, 7.671, 2.076 

  7010, 10.911, 8.072, 2.116 

  7011, 12.262, 8.462, 2.155 

  7012, 13.615, 8.842, 2.195 

  7013, 15.094, 9.246, 2.238 

  7014, 16.577, 9.639, 2.281 

  7015, 17.939, 9.988, 2.321 

  7016, 19.303, 10.327, 2.361 

  7017, 20.67, 10.657, 2.4 
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  7018, 22.039, 10.976, 2.44 

  7019, 23.535, 11.314, 2.483 

  7020, 25.033, 11.639, 2.526 

  7021, 26.409, 11.927, 2.566 

  7063, 82.708, 15.129, 1.38 

  7064, 84.107, 14.999, 1.32 

  7065, 85.633, 14.845, 1.254 

  7066, 87.158, 14.68, 1.214 

  7067, 88.554, 14.518, 1.177 

  7068, 89.949, 14.345, 1.141 

  7069, 91.343, 14.163, 1.104 

  7070, 92.736, 13.97, 1.067 

  7071, 94.253, 13.748, 1.028 

  7072, 95.769, 13.515, 0.988 

  7073, 97.157, 13.29, 0.951 

  7074, 98.543, 13.055, 0.914 

  7075, 99.927, 12.811, 0.878 

  7076, 101.31, 12.556, 0.841 

  7077, 102.816, 12.266, 0.801 

  7078, 104.319, 11.965, 0.761 

  7079, 105.696, 11.679, 0.724 

  7080, 107.07, 11.382, 0.688 

  7081, 108.442, 11.075, 0.651 

  7082, 109.811, 10.759, 0.614 

  7083, 111.303, 10.403, 0.575 

  7084, 112.792, 10.034, 0.535 

  7085, 114.154, 9.686, 0.498 

  7086, 115.513, 9.328, 0.461 

  7087, 116.87, 8.961, 0.425 

  7088, 118.224, 8.583, 0.388 

  7089, 119.698, 8.16, 0.348 

  7090, 121.169, 7.726, 0.308 

  7091, 122.514, 7.317, 0.271 

  8001, -2.156, 5.866, 1.748 

  8007, 6.041, 9.053, 1.993 

  8019, 23.025, 13.618, 2.483 

  8031, 40.892, 12.43, 2.973 

  8043, 55.459, 13.747, 2.555 

  8053, 68.261, 13.987, 2 

  8065, 85.879, 17.193, 1.254 

  8077, 103.27, 14.582, 0.801 

  8089, 120.358, 10.426, 0.348 

  8095, 127.376, 3.755, 0.122 

  9001, -2.846, 7.744, 1.748 

  9002, -1.375, 8.278, 1.791 

  9003, -0.022, 8.757, 1.831 

  9004, 1.333, 9.227, 1.871 

  9005, 2.693, 9.686, 1.91 

  9006, 4.055, 10.136, 1.95 

  9007, 5.545, 10.616, 1.993 

  9008, 7.039, 11.083, 2.036 

  9009, 8.411, 11.502, 2.076 

  9010, 9.787, 11.91, 2.116 

  9011, 11.165, 12.309, 2.155 

  9012, 12.546, 12.697, 2.195 

  9013, 14.056, 13.109, 2.238 

  9014, 15.569, 13.51, 2.281 

  9015, 16.959, 13.866, 2.321 

  9016, 18.351, 14.213, 2.361 

  9017, 19.746, 14.549, 2.4 

  9018, 21.143, 14.875, 2.44 

  9019, 22.67, 15.219, 2.483 

  9020, 24.752, 12.96, 2.526 

  9021, 26.311, 12.407, 2.566 

  9022, 27.787, 12.205, 2.606 

  9023, 29.167, 12.473, 2.645 

  9024, 30.549, 12.731, 2.685 

  9025, 32.059, 13.001, 2.728 
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  9026, 33.571, 13.259, 2.771 

  9027, 34.958, 13.485, 2.811 

  9028, 36.347, 13.701, 2.851 

  9029, 37.738, 13.907, 2.89 

  9030, 39.13, 14.103, 2.93 

  9031, 40.65, 14.305, 2.973 

  9032, 41.969, 14.47, 2.935 

  9033, 43.143, 14.61, 2.902 

  9034, 44.317, 14.742, 2.869 

  9035, 45.493, 14.867, 2.835 

  9036, 46.669, 14.986, 2.802 

  9037, 47.992, 15.11, 2.764 

  9038, 49.317, 15.225, 2.726 

  9039, 50.495, 15.32, 2.693 

  9040, 51.674, 15.407, 2.66 

  9041, 52.853, 15.488, 2.626 

  9042, 54.033, 15.561, 2.593 

  9043, 55.36, 15.635, 2.555 

  9044, 56.79, 15.704, 2.494 

  9045, 57.99, 15.754, 2.442 

  9046, 59.191, 15.796, 2.39 

  9047, 60.392, 15.831, 2.339 

  9048, 61.823, 15.863, 2.277 

  9049, 63.254, 15.885, 2.216 

  9050, 64.455, 15.895, 2.164 

  9051, 65.656, 15.897, 2.113 

  9052, 66.858, 15.892, 2.061 

  9053, 68.289, 15.877, 2 

  9054, 69.822, 15.848, 1.934 

  9055, 71.228, 15.812, 1.874 

  9056, 72.633, 15.765, 1.813 

  9057, 74.037, 15.708, 1.753 

  9058, 75.441, 15.64, 1.693 

  9059, 76.973, 15.555, 1.627 

  9060, 78.503, 15.458, 1.561 

  9061, 79.905, 15.359, 1.501 

  9062, 81.307, 15.249, 1.44 

  9063, 82.751, 15.617, 1.38 

  9064, 84.237, 16.343, 1.32 

  9065, 86.049, 18.824, 1.254 

  9066, 87.605, 18.655, 1.214 

  9067, 89.03, 18.489, 1.177 

  9068, 90.454, 18.313, 1.141 

  9069, 91.877, 18.127, 1.104 

  9070, 93.298, 17.93, 1.067 

  9071, 94.847, 17.704, 1.028 

  9072, 96.394, 17.466, 0.988 

  9073, 97.81, 17.236, 0.951 

  9074, 99.225, 16.997, 0.914 

  9075, 100.638, 16.747, 0.878 

  9076, 102.049, 16.487, 0.841 

  9077, 103.586, 16.192, 0.801 

  9078, 105.121, 15.884, 0.761 

  9079, 106.525, 15.592, 0.724 

  9080, 107.928, 15.289, 0.688 

  9081, 109.328, 14.976, 0.651 

  9082, 110.726, 14.653, 0.614 

  9083, 112.248, 14.289, 0.575 

  9084, 113.768, 13.913, 0.535 

  9085, 115.158, 13.558, 0.498 

  9086, 116.545, 13.193, 0.461 

  9087, 117.93, 12.818, 0.425 

  9088, 119.312, 12.433, 0.388 

  9089, 120.817, 12.001, 0.348 

  9090, 121.557, 9.019, 0.308 

  9091, 122.658, 7.786, 0.271 

  9092, 123.856, 6.899, 0.235 

  9093, 125.195, 6.471, 0.198 
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  9094, 126.531, 6.033, 0.161 

  9095, 127.985, 5.545, 0.122 

  9096, 129.483, 5.028, 0.08 

  9097, 130.89, 4.53, 0.041 

  9098, 132.38, 3.989, 0 

 101100, 9.327, -1.298, -4.357 

 101101, 9.327, -1.298, -3.407 

 101102, 9.327, -1.298, -2.607 

 101103, 9.327, -1.298, -1.477 

 101104, 9.327, -1.298, -0.885 

 101110, 10.041, -3.548, 1.393 

 101111, 9.66, -2.347, 0.133 

 101115, 9.463, -1.727, -0.685 

 101130, 12.012, -0.468, 1.476 

 101131, 10.54, -0.918, -0.142 

 101135, 9.97, -1.096, -0.885 

 101140, 6.655, -2.169, 1.31 

 101141, 8.117, -1.687, -0.217 

 101145, 8.628, -1.522, -0.885 

 101200, 6.755, 6.803, -4.357 

 101201, 6.755, 6.803, -3.407 

 101202, 6.755, 6.803, -2.607 

 101203, 6.755, 6.803, -1.477 

 101204, 6.755, 6.803, -0.885 

 101211, 7.088, 5.755, 0.133 

 101215, 6.891, 6.374, -0.685 

 101220, 6.041, 9.053, 1.393 

 101221, 6.422, 7.852, 0.133 

 101225, 6.619, 7.232, -0.685 

 101230, 9.564, 7.671, 1.476 

 101231, 8.023, 7.201, -0.142 

 101235, 7.427, 7.015, -0.885 

 101240, 3.961, 5.893, 1.31 

 101241, 5.49, 6.397, -0.217 

 101245, 6.024, 6.57, -0.885 

 102100, 25.371, 3.015, -4.117 

 102101, 25.371, 3.015, -3.617 

 102102, 25.371, 3.015, -2.117 

 102103, 25.371, 3.015, -0.987 

 102104, 25.371, 3.015, -0.395 

 102110, 25.881, 0.71, 1.883 

 102111, 25.609, 1.941, 0.623 

 102115, 25.469, 2.575, -0.195 

 102120, 24.861, 5.319, 1.883 

 102121, 25.134, 4.089, 0.623 

 102125, 25.274, 3.454, -0.195 

 102130, 28.12, 3.601, 1.966 

 102131, 26.613, 3.285, 0.348 

 102135, 26.029, 3.159, -0.395 

 102140, 22.632, 2.386, 1.8 

 102141, 24.131, 2.736, 0.273 

 102145, 24.655, 2.855, -0.395 

 102200, 23.535, 11.314, -4.117 

 102201, 23.535, 11.314, -3.617 

 102202, 23.535, 11.314, -2.117 

 102203, 23.535, 11.314, -0.987 

 102204, 23.535, 11.314, -0.395 

 102210, 24.045, 9.01, 1.883 

 102211, 23.772, 10.24, 0.623 

 102215, 23.632, 10.874, -0.195 

 102220, 23.025, 13.618, 1.883 

 102221, 23.297, 12.388, 0.623 

 102225, 23.437, 11.753, -0.195 

 102230, 26.409, 11.927, 1.966 

 102231, 24.833, 11.597, 0.348 

 102235, 24.223, 11.465, -0.395 

 102240, 20.67, 10.657, 1.8 

 102241, 22.238, 11.022, 0.273 
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 102245, 22.785, 11.146, -0.395 

 103000, 41.194, 10.09, -3.977 

 103001, 41.194, 10.09, -2.927 

 103002, 41.194, 10.09, -1.627 

 103003, 41.194, 10.09, -0.497 

 103004, 41.194, 10.09, 0.0949999999999999 

 103010, 41.495, 7.749, 2.373 

 103011, 41.334, 8.999, 1.113 

 103015, 41.251, 9.643, 0.295 

 103020, 40.892, 12.43, 2.373 

 103021, 41.053, 11.181, 1.113 

 103025, 41.136, 10.536, 0.295 

 103030, 41.194, 10.09, 2.373 

 104000, 55.581, 11.39, -4.145 

 104002, 55.581, 11.39, -2.045 

 104003, 55.581, 11.39, -0.915 

 104004, 55.581, 11.39, -0.323 

 104010, 55.704, 9.033, 1.955 

 104011, 55.639, 10.292, 0.695 

 104015, 55.605, 10.941, -0.123 

 104020, 55.459, 13.747, 1.955 

 104021, 55.524, 12.489, 0.695 

 104025, 55.558, 11.84, -0.123 

 104030, 55.581, 11.39, 1.955 

 105000, 68.227, 11.627, -5.2 

 105001, 68.227, 11.627, -3.25 

 105002, 68.227, 11.627, -2.6 

 105003, 68.227, 11.627, -1.47 

 105004, 68.227, 11.627, -0.878 

 105010, 68.192, 9.267, 1.4 

 105011, 68.211, 10.527, 0.14 

 105015, 68.22, 11.177, -0.678 

 105020, 68.261, 13.987, 1.4 

 105021, 68.243, 12.727, 0.14 

 105025, 68.233, 12.077, -0.678 

 105030, 68.227, 11.627, 1.4 

 106100, 84.749, 6.392, -4.446 

 106101, 84.749, 6.392, -3.546 

 106102, 84.749, 6.392, -3.346 

 106103, 84.749, 6.392, -2.216 

 106104, 84.749, 6.392, -1.624 

 106110, 84.504, 4.044, 0.654 

 106111, 84.635, 5.297, -0.606 

 106115, 84.702, 5.944, -1.424 

 106120, 84.995, 8.739, 0.654 

 106121, 84.864, 7.486, -0.606 

 106125, 84.796, 6.839, -1.424 

 106130, 87.542, 6.078, 0.577 

 106131, 86.013, 6.255, -0.953 

 106135, 85.477, 6.314, -1.624 

 106140, 81.952, 6.663, 0.78 

 106141, 83.485, 6.519, -0.861 

 106145, 84.095, 6.459, -1.624 

 106200, 85.633, 14.845, -4.446 

 106201, 85.633, 14.845, -3.546 

 106202, 85.633, 14.845, -3.346 

 106203, 85.633, 14.845, -2.216 

 106204, 85.633, 14.845, -1.624 

 106210, 85.388, 12.498, 0.654 

 106211, 85.519, 13.751, -0.606 

 106215, 85.586, 14.398, -1.424 

 106220, 85.879, 17.193, 0.654 

 106221, 85.748, 15.939, -0.606 

 106225, 85.68, 15.293, -1.424 

 106230, 88.554, 14.518, 0.577 

 106231, 86.955, 14.703, -0.953 

 106235, 86.394, 14.764, -1.624 

 106240, 82.708, 15.129, 0.78 
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 106241, 84.311, 14.979, -0.861 

 106245, 84.949, 14.916, -1.624 

 107100, 101.179, 3.926, -2.999 

 107103, 101.179, 3.926, -2.669 

 107104, 101.179, 3.926, -2.077 

 107110, 100.724, 1.61, 0.201 

 107111, 100.967, 2.846, -1.059 

 107115, 101.092, 3.484, -1.877 

 107130, 103.933, 3.363, 0.124 

 107131, 102.425, 3.677, -1.406 

 107135, 101.897, 3.783, -2.077 

 107140, 98.417, 4.446, 0.278 

 107141, 99.931, 4.166, -1.337 

 107145, 100.515, 4.054, -2.077 

 107200, 102.816, 12.266, -2.999 

 107203, 102.816, 12.266, -2.669 

 107204, 102.816, 12.266, -2.077 

 107211, 102.604, 11.187, -1.059 

 107215, 102.729, 11.825, -1.877 

 107220, 103.27, 14.582, 0.201 

 107221, 103.027, 13.346, -1.059 

 107225, 102.902, 12.708, -1.877 

 107230, 105.696, 11.679, 0.124 

 107231, 104.119, 12.006, -1.406 

 107235, 103.566, 12.118, -2.077 

 107240, 99.927, 12.811, 0.278 

 107241, 101.511, 12.518, -1.337 

 107245, 102.122, 12.401, -2.077 

 108100, 117.322, -0.001, -3.002 

 108104, 117.322, -0.001, -2.53 

 108110, 116.662, -2.266, -0.252 

 108111, 117.014, -1.057, -1.512 

 108115, 117.196, -0.433, -2.33 

 108120, 117.982, 2.265, -0.252 

 108121, 117.63, 1.056, -1.512 

 108125, 117.448, 0.431, -2.33 

 108130, 120.014, -0.807, -0.329 

 108131, 118.541, -0.36, -1.859 

 108135, 118.024, -0.207, -2.53 

 108140, 114.618, 0.765, -0.175 

 108141, 116.101, 0.351, -1.79 

 108145, 116.673, 0.187, -2.53 

 108200, 119.698, 8.16, -3.002 

 108204, 119.698, 8.16, -2.53 

 108210, 119.039, 5.895, -0.252 

 108211, 119.391, 7.104, -1.512 

 108215, 119.573, 7.728, -2.33 

 108220, 120.358, 10.426, -0.252 

 108221, 120.006, 9.217, -1.512 

 108225, 119.824, 8.592, -2.33 

 108230, 122.514, 7.317, -0.329 

 108231, 120.973, 7.784, -1.859 

 108235, 120.433, 7.945, -2.53 

 108240, 116.87, 8.961, -0.175 

 108241, 118.421, 8.528, -1.79 

 108245, 119.019, 8.357, -2.53 

 109000, 126.615, 1.521, -3.628 

 109002, 126.615, 1.521, -2.928 

 109004, 126.615, 1.521, -2.756 

 109010, 125.855, -0.713, -0.478 

 109011, 126.261, 0.48, -1.738 

 109015, 126.47, 1.095, -2.556 

 109020, 127.376, 3.755, -0.478 

 109021, 126.97, 2.563, -1.738 

 109025, 126.76, 1.947, -2.556 

 109030, 126.615, 1.521, -0.478 

 111101, 9.327, -1.298, -4.957 

 111102, 9.327, -1.298, -5.557 
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 111103, 9.327, -1.298, -6.057 

 111104, 9.327, -1.298, -6.557 

 111105, 9.327, -1.298, -7.057 

 111106, 9.327, -1.298, -7.557 

 111107, 9.327, -1.298, -8.057 

 111108, 9.327, -1.298, -8.557 

 111109, 9.327, -1.298, -9.057 

 111110, 9.327, -1.298, -9.557 

 111111, 9.327, -1.298, -10.057 

 111112, 9.327, -1.298, -10.557 

 111113, 9.327, -1.298, -11.057 

 111114, 9.327, -1.298, -11.557 

 111115, 9.327, -1.298, -12.057 

 111116, 9.327, -1.298, -12.557 

 111117, 9.327, -1.298, -13.057 

 111118, 9.327, -1.298, -13.557 

 111119, 9.327, -1.298, -14.057 

 111120, 9.327, -1.298, -14.557 

 111121, 9.327, -1.298, -15.057 

 111122, 9.327, -1.298, -15.557 

 111123, 9.327, -1.298, -16.057 

 111124, 9.327, -1.298, -16.557 

 111125, 9.327, -1.298, -17.057 

 111126, 9.327, -1.298, -17.557 

 111127, 9.327, -1.298, -18.057 

 111128, 9.327, -1.298, -18.557 

 111129, 9.327, -1.298, -19.057 

 111130, 9.327, -1.298, -19.557 

 111131, 9.327, -1.298, -20.057 

 111132, 9.327, -1.298, -20.557 

 111133, 9.327, -1.298, -21.057 

 111134, 9.327, -1.298, -21.557 

 111135, 9.327, -1.298, -22.057 

 111136, 9.327, -1.298, -22.557 

 111137, 9.327, -1.298, -23.057 

 111138, 9.327, -1.298, -23.557 

 111139, 9.327, -1.298, -24.057 

 111140, 9.327, -1.298, -24.557 

 111141, 9.327, -1.298, -25.057 

 111142, 9.327, -1.298, -25.557 

 111143, 9.327, -1.298, -26.057 

 111144, 9.327, -1.298, -26.557 

 111145, 9.327, -1.298, -27.057 

 111146, 9.327, -1.298, -27.557 

 111201, 6.755, 6.803, -4.957 

 111202, 6.755, 6.803, -5.557 

 111203, 6.755, 6.803, -6.057 

 111204, 6.755, 6.803, -6.557 

 111205, 6.755, 6.803, -7.057 

 111206, 6.755, 6.803, -7.557 

 111207, 6.755, 6.803, -8.057 

 111208, 6.755, 6.803, -8.557 

 111209, 6.755, 6.803, -9.057 

 111210, 6.755, 6.803, -9.557 

 111211, 6.755, 6.803, -10.057 

 111212, 6.755, 6.803, -10.557 

 111213, 6.755, 6.803, -11.057 

 111214, 6.755, 6.803, -11.557 

 111215, 6.755, 6.803, -12.057 

 111216, 6.755, 6.803, -12.557 

 111217, 6.755, 6.803, -13.057 

 111218, 6.755, 6.803, -13.557 

 111219, 6.755, 6.803, -14.057 

 111220, 6.755, 6.803, -14.557 

 111221, 6.755, 6.803, -15.057 

 111222, 6.755, 6.803, -15.557 

 111223, 6.755, 6.803, -16.057 

 111224, 6.755, 6.803, -16.557 
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 111225, 6.755, 6.803, -17.057 

 111226, 6.755, 6.803, -17.557 

 111227, 6.755, 6.803, -18.057 

 111228, 6.755, 6.803, -18.557 

 111229, 6.755, 6.803, -19.057 

 111230, 6.755, 6.803, -19.557 

 111231, 6.755, 6.803, -20.057 

 111232, 6.755, 6.803, -20.557 

 111233, 6.755, 6.803, -21.057 

 111234, 6.755, 6.803, -21.557 

 111235, 6.755, 6.803, -22.057 

 111236, 6.755, 6.803, -22.557 

 111237, 6.755, 6.803, -23.057 

 111238, 6.755, 6.803, -23.557 

 111239, 6.755, 6.803, -24.057 

 111240, 6.755, 6.803, -24.557 

 111241, 6.755, 6.803, -25.057 

 111242, 6.755, 6.803, -25.557 

 111243, 6.755, 6.803, -26.057 

 111244, 6.755, 6.803, -26.557 

 111245, 6.755, 6.803, -27.057 

 111246, 6.755, 6.803, -27.557 

 112101, 25.371, 3.015, -4.717 

 112102, 25.371, 3.015, -5.317 

 112103, 25.371, 3.015, -5.817 

 112104, 25.371, 3.015, -6.317 

 112105, 25.371, 3.015, -6.817 

 112106, 25.371, 3.015, -7.317 

 112107, 25.371, 3.015, -7.817 

 112108, 25.371, 3.015, -8.317 

 112109, 25.371, 3.015, -8.817 

 112110, 25.371, 3.015, -9.317 

 112111, 25.371, 3.015, -9.817 

 112112, 25.371, 3.015, -10.317 

 112113, 25.371, 3.015, -10.817 

 112114, 25.371, 3.015, -11.317 

 112115, 25.371, 3.015, -11.817 

 112116, 25.371, 3.015, -12.317 

 112117, 25.371, 3.015, -12.817 

 112118, 25.371, 3.015, -13.317 

 112119, 25.371, 3.015, -13.817 

 112120, 25.371, 3.015, -14.317 

 112121, 25.371, 3.015, -14.817 

 112122, 25.371, 3.015, -15.317 

 112123, 25.371, 3.015, -15.817 

 112124, 25.371, 3.015, -16.317 

 112125, 25.371, 3.015, -16.817 

 112126, 25.371, 3.015, -17.317 

 112127, 25.371, 3.015, -17.817 

 112128, 25.371, 3.015, -18.317 

 112129, 25.371, 3.015, -18.817 

 112130, 25.371, 3.015, -19.317 

 112131, 25.371, 3.015, -19.817 

 112132, 25.371, 3.015, -20.317 

 112133, 25.371, 3.015, -20.817 

 112134, 25.371, 3.015, -21.317 

 112135, 25.371, 3.015, -21.817 

 112136, 25.371, 3.015, -22.317 

 112137, 25.371, 3.015, -22.817 

 112138, 25.371, 3.015, -23.317 

 112139, 25.371, 3.015, -23.817 

 112140, 25.371, 3.015, -24.317 

 112141, 25.371, 3.015, -24.817 

 112142, 25.371, 3.015, -25.317 

 112201, 23.535, 11.314, -4.717 

 112202, 23.535, 11.314, -5.317 

 112203, 23.535, 11.314, -5.817 

 112204, 23.535, 11.314, -6.317 
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 112205, 23.535, 11.314, -6.817 

 112206, 23.535, 11.314, -7.317 

 112207, 23.535, 11.314, -7.817 

 112208, 23.535, 11.314, -8.317 

 112209, 23.535, 11.314, -8.817 

 112210, 23.535, 11.314, -9.317 

 112211, 23.535, 11.314, -9.817 

 112212, 23.535, 11.314, -10.317 

 112213, 23.535, 11.314, -10.817 

 112214, 23.535, 11.314, -11.317 

 112215, 23.535, 11.314, -11.817 

 112216, 23.535, 11.314, -12.317 

 112217, 23.535, 11.314, -12.817 

 112218, 23.535, 11.314, -13.317 

 112219, 23.535, 11.314, -13.817 

 112220, 23.535, 11.314, -14.317 

 112221, 23.535, 11.314, -14.817 

 112222, 23.535, 11.314, -15.317 

 112223, 23.535, 11.314, -15.817 

 112224, 23.535, 11.314, -16.317 

 112225, 23.535, 11.314, -16.817 

 112226, 23.535, 11.314, -17.317 

 112227, 23.535, 11.314, -17.817 

 112228, 23.535, 11.314, -18.317 

 112229, 23.535, 11.314, -18.817 

 112230, 23.535, 11.314, -19.317 

 112231, 23.535, 11.314, -19.817 

 112232, 23.535, 11.314, -20.317 

 112233, 23.535, 11.314, -20.817 

 112234, 23.535, 11.314, -21.317 

 112235, 23.535, 11.314, -21.817 

 112236, 23.535, 11.314, -22.317 

 112237, 23.535, 11.314, -22.817 

 112238, 23.535, 11.314, -23.317 

 112239, 23.535, 11.314, -23.817 

 112240, 23.535, 11.314, -24.317 

 112241, 23.535, 11.314, -24.817 

 112242, 23.535, 11.314, -25.317 

 113001, 41.194, 10.09, -4.577 

 113002, 41.194, 10.09, -5.177 

 113003, 41.194, 10.09, -5.677 

 113004, 41.194, 10.09, -6.177 

 113005, 41.194, 10.09, -6.677 

 113006, 41.194, 10.09, -7.177 

 113007, 41.194, 10.09, -7.677 

 113008, 41.194, 10.09, -8.177 

 113009, 41.194, 10.09, -8.677 

 113010, 41.194, 10.09, -9.177 

 113011, 41.194, 10.09, -9.677 

 113012, 41.194, 10.09, -10.177 

 113013, 41.194, 10.09, -10.677 

 113014, 41.194, 10.09, -11.177 

 113015, 41.194, 10.09, -11.677 

 113016, 41.194, 10.09, -12.177 

 113017, 41.194, 10.09, -12.677 

 113018, 41.194, 10.09, -13.177 

 113019, 41.194, 10.09, -13.677 

 113020, 41.194, 10.09, -14.177 

 113021, 41.194, 10.09, -14.677 

 113022, 41.194, 10.09, -15.177 

 113023, 41.194, 10.09, -15.677 

 113024, 41.194, 10.09, -16.177 

 113025, 41.194, 10.09, -16.677 

 113026, 41.194, 10.09, -17.177 

 113027, 41.194, 10.09, -17.677 

 113028, 41.194, 10.09, -18.177 

 113029, 41.194, 10.09, -18.677 

 113030, 41.194, 10.09, -19.177 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 17 DE 708 

 

 

 113031, 41.194, 10.09, -19.677 

 113032, 41.194, 10.09, -20.177 

 113033, 41.194, 10.09, -20.677 

 113034, 41.194, 10.09, -21.177 

 113035, 41.194, 10.09, -21.677 

 113036, 41.194, 10.09, -22.177 

 113037, 41.194, 10.09, -22.677 

 114001, 55.581, 11.39, -4.745 

 114002, 55.581, 11.39, -5.345 

 114003, 55.581, 11.39, -5.845 

 114004, 55.581, 11.39, -6.345 

 114005, 55.581, 11.39, -6.845 

 114006, 55.581, 11.39, -7.345 

 114007, 55.581, 11.39, -7.845 

 114008, 55.581, 11.39, -8.345 

 114009, 55.581, 11.39, -8.845 

 114010, 55.581, 11.39, -9.345 

 114011, 55.581, 11.39, -9.845 

 114012, 55.581, 11.39, -10.345 

 114013, 55.581, 11.39, -10.845 

 114014, 55.581, 11.39, -11.345 

 114015, 55.581, 11.39, -11.845 

 114016, 55.581, 11.39, -12.345 

 114017, 55.581, 11.39, -12.845 

 114018, 55.581, 11.39, -13.345 

 114019, 55.581, 11.39, -13.845 

 114020, 55.581, 11.39, -14.345 

 114021, 55.581, 11.39, -14.845 

 114022, 55.581, 11.39, -15.345 

 114023, 55.581, 11.39, -15.845 

 114024, 55.581, 11.39, -16.345 

 114025, 55.581, 11.39, -16.845 

 114026, 55.581, 11.39, -17.345 

 114027, 55.581, 11.39, -17.845 

 114028, 55.581, 11.39, -18.345 

 114029, 55.581, 11.39, -18.845 

 114030, 55.581, 11.39, -19.345 

 114031, 55.581, 11.39, -19.845 

 114032, 55.581, 11.39, -20.345 

 114033, 55.581, 11.39, -20.845 

 114034, 55.581, 11.39, -21.345 

 114035, 55.581, 11.39, -21.845 

 114036, 55.581, 11.39, -22.345 

 115001, 68.227, 11.627, -5.8 

 115002, 68.227, 11.627, -6.4 

 115003, 68.227, 11.627, -6.9 

 115004, 68.227, 11.627, -7.4 

 115005, 68.227, 11.627, -7.9 

 115006, 68.227, 11.627, -8.4 

 115007, 68.227, 11.627, -8.9 

 115008, 68.227, 11.627, -9.4 

 115009, 68.227, 11.627, -9.9 

 115010, 68.227, 11.627, -10.4 

 115011, 68.227, 11.627, -10.9 

 115012, 68.227, 11.627, -11.4 

 115013, 68.227, 11.627, -11.9 

 115014, 68.227, 11.627, -12.4 

 115015, 68.227, 11.627, -12.9 

 115016, 68.227, 11.627, -13.4 

 115017, 68.227, 11.627, -13.9 

 115018, 68.227, 11.627, -14.4 

 115019, 68.227, 11.627, -14.9 

 115020, 68.227, 11.627, -15.4 

 115021, 68.227, 11.627, -15.9 

 115022, 68.227, 11.627, -16.4 

 115023, 68.227, 11.627, -16.9 

 115024, 68.227, 11.627, -17.4 

 115025, 68.227, 11.627, -17.9 
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 115026, 68.227, 11.627, -18.4 

 115027, 68.227, 11.627, -18.9 

 115028, 68.227, 11.627, -19.4 

 115029, 68.227, 11.627, -19.9 

 115030, 68.227, 11.627, -20.4 

 115031, 68.227, 11.627, -20.9 

 115032, 68.227, 11.627, -21.4 

 115033, 68.227, 11.627, -21.9 

 116101, 84.749, 6.392, -5.046 

 116102, 84.749, 6.392, -5.646 

 116103, 84.749, 6.392, -6.146 

 116104, 84.749, 6.392, -6.646 

 116105, 84.749, 6.392, -7.146 

 116106, 84.749, 6.392, -7.646 

 116107, 84.749, 6.392, -8.146 

 116108, 84.749, 6.392, -8.646 

 116109, 84.749, 6.392, -9.146 

 116110, 84.749, 6.392, -9.646 

 116111, 84.749, 6.392, -10.146 

 116112, 84.749, 6.392, -10.646 

 116113, 84.749, 6.392, -11.146 

 116114, 84.749, 6.392, -11.646 

 116115, 84.749, 6.392, -12.146 

 116116, 84.749, 6.392, -12.646 

 116117, 84.749, 6.392, -13.146 

 116118, 84.749, 6.392, -13.646 

 116119, 84.749, 6.392, -14.146 

 116120, 84.749, 6.392, -14.646 

 116121, 84.749, 6.392, -15.146 

 116122, 84.749, 6.392, -15.646 

 116123, 84.749, 6.392, -16.146 

 116124, 84.749, 6.392, -16.646 

 116125, 84.749, 6.392, -17.146 

 116126, 84.749, 6.392, -17.646 

 116127, 84.749, 6.392, -18.146 

 116128, 84.749, 6.392, -18.646 

 116129, 84.749, 6.392, -19.146 

 116130, 84.749, 6.392, -19.646 

 116131, 84.749, 6.392, -20.146 

 116132, 84.749, 6.392, -20.646 

 116133, 84.749, 6.392, -21.146 

 116134, 84.749, 6.392, -21.646 

 116135, 84.749, 6.392, -22.146 

 116201, 85.633, 14.845, -5.046 

 116202, 85.633, 14.845, -5.646 

 116203, 85.633, 14.845, -6.146 

 116204, 85.633, 14.845, -6.646 

 116205, 85.633, 14.845, -7.146 

 116206, 85.633, 14.845, -7.646 

 116207, 85.633, 14.845, -8.146 

 116208, 85.633, 14.845, -8.646 

 116209, 85.633, 14.845, -9.146 

 116210, 85.633, 14.845, -9.646 

 116211, 85.633, 14.845, -10.146 

 116212, 85.633, 14.845, -10.646 

 116213, 85.633, 14.845, -11.146 

 116214, 85.633, 14.845, -11.646 

 116215, 85.633, 14.845, -12.146 

 116216, 85.633, 14.845, -12.646 

 116217, 85.633, 14.845, -13.146 

 116218, 85.633, 14.845, -13.646 

 116219, 85.633, 14.845, -14.146 

 116220, 85.633, 14.845, -14.646 

 116221, 85.633, 14.845, -15.146 

 116222, 85.633, 14.845, -15.646 

 116223, 85.633, 14.845, -16.146 

 116224, 85.633, 14.845, -16.646 

 116225, 85.633, 14.845, -17.146 
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 116226, 85.633, 14.845, -17.646 

 116227, 85.633, 14.845, -18.146 

 116228, 85.633, 14.845, -18.646 

 116229, 85.633, 14.845, -19.146 

 116230, 85.633, 14.845, -19.646 

 116231, 85.633, 14.845, -20.146 

 116232, 85.633, 14.845, -20.646 

 116233, 85.633, 14.845, -21.146 

 116234, 85.633, 14.845, -21.646 

 116235, 85.633, 14.845, -22.146 

 117101, 101.179, 3.926, -3.599 

 117102, 101.179, 3.926, -4.199 

 117103, 101.179, 3.926, -4.699 

 117104, 101.179, 3.926, -5.199 

 117105, 101.179, 3.926, -5.699 

 117106, 101.179, 3.926, -6.199 

 117107, 101.179, 3.926, -6.699 

 117108, 101.179, 3.926, -7.199 

 117109, 101.179, 3.926, -7.699 

 117110, 101.179, 3.926, -8.199 

 117111, 101.179, 3.926, -8.699 

 117112, 101.179, 3.926, -9.199 

 117113, 101.179, 3.926, -9.699 

 117114, 101.179, 3.926, -10.199 

 117115, 101.179, 3.926, -10.699 

 117116, 101.179, 3.926, -11.199 

 117117, 101.179, 3.926, -11.699 

 117118, 101.179, 3.926, -12.199 

 117119, 101.179, 3.926, -12.699 

 117120, 101.179, 3.926, -13.199 

 117121, 101.179, 3.926, -13.699 

 117122, 101.179, 3.926, -14.199 

 117123, 101.179, 3.926, -14.699 

 117124, 101.179, 3.926, -15.199 

 117125, 101.179, 3.926, -15.699 

 117126, 101.179, 3.926, -16.199 

 117127, 101.179, 3.926, -16.699 

 117128, 101.179, 3.926, -17.199 

 117129, 101.179, 3.926, -17.699 

 117130, 101.179, 3.926, -18.199 

 117131, 101.179, 3.926, -18.699 

 117132, 101.179, 3.926, -19.199 

 117133, 101.179, 3.926, -19.699 

 117134, 101.179, 3.926, -20.199 

 117135, 101.179, 3.926, -20.699 

 117136, 101.179, 3.926, -21.199 

 117137, 101.179, 3.926, -21.699 

 117138, 101.179, 3.926, -22.199 

 117201, 102.816, 12.266, -3.599 

 117202, 102.816, 12.266, -4.199 

 117203, 102.816, 12.266, -4.699 

 117204, 102.816, 12.266, -5.199 

 117205, 102.816, 12.266, -5.699 

 117206, 102.816, 12.266, -6.199 

 117207, 102.816, 12.266, -6.699 

 117208, 102.816, 12.266, -7.199 

 117209, 102.816, 12.266, -7.699 

 117210, 102.816, 12.266, -8.199 

 117211, 102.816, 12.266, -8.699 

 117212, 102.816, 12.266, -9.199 

 117213, 102.816, 12.266, -9.699 

 117214, 102.816, 12.266, -10.199 

 117215, 102.816, 12.266, -10.699 

 117216, 102.816, 12.266, -11.199 

 117217, 102.816, 12.266, -11.699 

 117218, 102.816, 12.266, -12.199 

 117219, 102.816, 12.266, -12.699 

 117220, 102.816, 12.266, -13.199 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 20 DE 708 

 

 

 117221, 102.816, 12.266, -13.699 

 117222, 102.816, 12.266, -14.199 

 117223, 102.816, 12.266, -14.699 

 117224, 102.816, 12.266, -15.199 

 117225, 102.816, 12.266, -15.699 

 117226, 102.816, 12.266, -16.199 

 117227, 102.816, 12.266, -16.699 

 117228, 102.816, 12.266, -17.199 

 117229, 102.816, 12.266, -17.699 

 117230, 102.816, 12.266, -18.199 

 117231, 102.816, 12.266, -18.699 

 117232, 102.816, 12.266, -19.199 

 117233, 102.816, 12.266, -19.699 

 117234, 102.816, 12.266, -20.199 

 117235, 102.816, 12.266, -20.699 

 117236, 102.816, 12.266, -21.199 

 117237, 102.816, 12.266, -21.699 

 117238, 102.816, 12.266, -22.199 

 118101, 117.322, -0.001, -3.602 

 118102, 117.322, -0.001, -4.202 

 118103, 117.322, -0.001, -4.702 

 118104, 117.322, -0.001, -5.202 

 118105, 117.322, -0.001, -5.702 

 118106, 117.322, -0.001, -6.202 

 118107, 117.322, -0.001, -6.702 

 118108, 117.322, -0.001, -7.202 

 118109, 117.322, -0.001, -7.702 

 118110, 117.322, -0.001, -8.202 

 118111, 117.322, -0.001, -8.702 

 118112, 117.322, -0.001, -9.202 

 118113, 117.322, -0.001, -9.702 

 118114, 117.322, -0.001, -10.202 

 118115, 117.322, -0.001, -10.702 

 118116, 117.322, -0.001, -11.202 

 118117, 117.322, -0.001, -11.702 

 118118, 117.322, -0.001, -12.202 

 118119, 117.322, -0.001, -12.702 

 118120, 117.322, -0.001, -13.202 

 118121, 117.322, -0.001, -13.702 

 118122, 117.322, -0.001, -14.202 

 118123, 117.322, -0.001, -14.702 

 118124, 117.322, -0.001, -15.202 

 118125, 117.322, -0.001, -15.702 

 118126, 117.322, -0.001, -16.202 

 118127, 117.322, -0.001, -16.702 

 118128, 117.322, -0.001, -17.202 

 118129, 117.322, -0.001, -17.702 

 118130, 117.322, -0.001, -18.202 

 118131, 117.322, -0.001, -18.702 

 118132, 117.322, -0.001, -19.202 

 118133, 117.322, -0.001, -19.702 

 118134, 117.322, -0.001, -20.202 

 118135, 117.322, -0.001, -20.702 

 118136, 117.322, -0.001, -21.202 

 118137, 117.322, -0.001, -21.702 

 118201, 119.698, 8.16, -3.602 

 118202, 119.698, 8.16, -4.202 

 118203, 119.698, 8.16, -4.702 

 118204, 119.698, 8.16, -5.202 

 118205, 119.698, 8.16, -5.702 

 118206, 119.698, 8.16, -6.202 

 118207, 119.698, 8.16, -6.702 

 118208, 119.698, 8.16, -7.202 

 118209, 119.698, 8.16, -7.702 

 118210, 119.698, 8.16, -8.202 

 118211, 119.698, 8.16, -8.702 

 118212, 119.698, 8.16, -9.202 

 118213, 119.698, 8.16, -9.702 
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 118214, 119.698, 8.16, -10.202 

 118215, 119.698, 8.16, -10.702 

 118216, 119.698, 8.16, -11.202 

 118217, 119.698, 8.16, -11.702 

 118218, 119.698, 8.16, -12.202 

 118219, 119.698, 8.16, -12.702 

 118220, 119.698, 8.16, -13.202 

 118221, 119.698, 8.16, -13.702 

 118222, 119.698, 8.16, -14.202 

 118223, 119.698, 8.16, -14.702 

 118224, 119.698, 8.16, -15.202 

 118225, 119.698, 8.16, -15.702 

 118226, 119.698, 8.16, -16.202 

 118227, 119.698, 8.16, -16.702 

 118228, 119.698, 8.16, -17.202 

 118229, 119.698, 8.16, -17.702 

 118230, 119.698, 8.16, -18.202 

 118231, 119.698, 8.16, -18.702 

 118232, 119.698, 8.16, -19.202 

 118233, 119.698, 8.16, -19.702 

 118234, 119.698, 8.16, -20.202 

 118235, 119.698, 8.16, -20.702 

 118236, 119.698, 8.16, -21.202 

 118237, 119.698, 8.16, -21.702 

 119001, 126.615, 1.521, -4.378 

 119002, 126.615, 1.521, -5.128 

 129001, 126.051, -0.135, -4.378 

 129002, 126.051, -0.135, -5.128 

 129003, 126.051, -0.135, -5.628 

 129004, 126.051, -0.135, -6.128 

 129005, 126.051, -0.135, -6.628 

 129006, 126.051, -0.135, -7.128 

 129007, 126.051, -0.135, -7.628 

 129008, 126.051, -0.135, -8.128 

 129009, 126.051, -0.135, -8.628 

 129010, 126.051, -0.135, -9.128 

 129011, 126.051, -0.135, -9.628 

 129012, 126.051, -0.135, -10.128 

 129013, 126.051, -0.135, -10.628 

 129014, 126.051, -0.135, -11.128 

 129015, 126.051, -0.135, -11.628 

 129016, 126.051, -0.135, -12.128 

 129017, 126.051, -0.135, -12.628 

 129018, 126.051, -0.135, -13.128 

 129019, 126.051, -0.135, -13.628 

 129020, 126.051, -0.135, -14.128 

 129021, 126.051, -0.135, -14.628 

 129022, 126.051, -0.135, -15.128 

 129023, 126.051, -0.135, -15.628 

 129024, 126.051, -0.135, -16.128 

 129025, 126.051, -0.135, -16.628 

 129026, 126.051, -0.135, -17.128 

 129027, 126.051, -0.135, -17.628 

 129028, 126.051, -0.135, -18.128 

 129029, 126.051, -0.135, -18.628 

 129030, 126.051, -0.135, -19.128 

 129031, 126.051, -0.135, -19.628 

 129032, 126.051, -0.135, -20.128 

 129033, 126.051, -0.135, -20.628 

 129034, 126.051, -0.135, -21.128 

 129035, 126.051, -0.135, -21.628 

 129036, 126.051, -0.135, -22.128 

 139001, 127.179, 3.178, -4.378 

 139002, 127.179, 3.178, -5.128 

 139003, 127.179, 3.178, -5.628 

 139004, 127.179, 3.178, -6.128 

 139005, 127.179, 3.178, -6.628 

 139006, 127.179, 3.178, -7.128 
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 139007, 127.179, 3.178, -7.628 

 139008, 127.179, 3.178, -8.128 

 139009, 127.179, 3.178, -8.628 

 139010, 127.179, 3.178, -9.128 

 139011, 127.179, 3.178, -9.628 

 139012, 127.179, 3.178, -10.128 

 139013, 127.179, 3.178, -10.628 

 139014, 127.179, 3.178, -11.128 

 139015, 127.179, 3.178, -11.628 

 139016, 127.179, 3.178, -12.128 

 139017, 127.179, 3.178, -12.628 

 139018, 127.179, 3.178, -13.128 

 139019, 127.179, 3.178, -13.628 

 139020, 127.179, 3.178, -14.128 

 139021, 127.179, 3.178, -14.628 

 139022, 127.179, 3.178, -15.128 

 139023, 127.179, 3.178, -15.628 

 139024, 127.179, 3.178, -16.128 

 139025, 127.179, 3.178, -16.628 

 139026, 127.179, 3.178, -17.128 

 139027, 127.179, 3.178, -17.628 

 139028, 127.179, 3.178, -18.128 

 139029, 127.179, 3.178, -18.628 

 139030, 127.179, 3.178, -19.128 

 139031, 127.179, 3.178, -19.628 

 139032, 127.179, 3.178, -20.128 

 139033, 127.179, 3.178, -20.628 

 139034, 127.179, 3.178, -21.128 

 139035, 127.179, 3.178, -21.628 

 139036, 127.179, 3.178, -22.128 

 

*ELEMENT    ; Elements 

; iEL, TYPE, iMAT, iPRO, iN1, iN2, ANGLE, iSUB,                     ; Frame  Element 

; iEL, TYPE, iMAT, iPRO, iN1, iN2, ANGLE, iSUB, EXVAL, EXVAL2, bLMT ; Comp/Tens Truss 

; iEL, TYPE, iMAT, iPRO, iN1, iN2, iN3, iN4, iSUB, iWID , LCAXIS    ; Planar Element 

; iEL, TYPE, iMAT, iPRO, iN1, iN2, iN3, iN4, iN5, iN6, iN7, iN8     ; Solid  Element 

     1, BEAM  ,    1,     1,     1,  1001,  20.2,     0 

     2, BEAM  ,    1,     1,     2,  2001,  20.2,     0 

     3, BEAM  ,    1,     1,     3,  3001,  20.2,     0 

     4, BEAM  ,    1,     1,     4,  7001,  20.2,     0 

     5, BEAM  ,    1,     1,     5,  8001,  20.2,     0 

     6, BEAM  ,    1,     1,     6,  9001,  20.2,     0 

   100, BEAM  ,    1,     1,   100,   114,     0,     0 

   101, BEAM  ,    1,     1,   101,   112,     0,     0 

   102, BEAM  ,    1,     1,   102,   113,     0,     0 

   103, BEAM  ,    1,     1,   103,   100,     0,     0 

   104, BEAM  ,    1,     1,   104,   115,     0,     0 

   105, BEAM  ,    1,     1,   105,   116,     0,     0 

   111, BEAM  ,    1,     1,   111,   101,     0,     0 

   112, BEAM  ,    1,     1,   112,   102,     0,     0 

   113, BEAM  ,    1,     1,   113,   103,     0,     0 

   114, BEAM  ,    1,     1,   114,   104,     0,     0 

   115, BEAM  ,    1,     1,   115,   105,     0,     0 

   116, BEAM  ,    1,     1,   116,   106,     0,     0 

   121, BEAM  ,    1,     1,   111,   121,  20.2,     0 

   122, BEAM  ,    1,     1,   112,   122,  20.2,     0 

   123, BEAM  ,    1,     1,   113,   123,  20.2,     0 

   124, BEAM  ,    1,     1,   114,   124,  20.2,     0 

   125, BEAM  ,    1,     1,   115,   125,  20.2,     0 

   126, BEAM  ,    1,     1,   116,   126,  20.2,     0 

   131, BEAM  ,    1,     1,   101,   131,     0,     0 

   132, BEAM  ,    1,     1,   102,   132,     0,     0 

   133, BEAM  ,    1,     1,   103,   133,     0,     0 

   134, BEAM  ,    1,     1,   104,   134,     0,     0 

   135, BEAM  ,    1,     1,   105,   135,     0,     0 

   136, BEAM  ,    1,     1,   106,   136,     0,     0 

   141, BEAM  ,    1,     1,   131,   141,  20.2,     0 

   142, BEAM  ,    1,     1,   132,   142,  20.2,     0 
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   143, BEAM  ,    1,     1,   133,   143,  20.2,     0 

   144, BEAM  ,    1,     1,   134,   144,  20.2,     0 

   145, BEAM  ,    1,     1,   135,   145,  20.2,     0 

   146, BEAM  ,    1,     1,   136,   146,  20.2,     0 

   201, BEAM  ,    4,    81,  3001,  1007,     0,     0 

   202, BEAM  ,    4,    81,  7001,  9007,     0,     0 

   203, BEAM  ,    4,    81,  3007,  1013,     0,     0 

   204, BEAM  ,    4,    81,  7007,  9013,     0,     0 

   205, BEAM  ,    4,    81,  3013,  1019,     0,     0 

   206, BEAM  ,    4,    81,  7013,  9019,     0,     0 

   207, BEAM  ,    4,    81,  5019,  1025,     0,     0 

   208, BEAM  ,    4,    81,  5019,  9025,     0,     0 

   209, BEAM  ,    4,    81,  5025,  1031,     0,     0 

   210, BEAM  ,    4,    81,  5025,  9031,     0,     0 

   211, BEAM  ,    4,    81,  5031,  1037,     0,     0 

   212, BEAM  ,    4,    81,  5031,  9037,     0,     0 

   213, BEAM  ,    4,    81,  5037,  1043,     0,     0 

   214, BEAM  ,    4,    81,  5037,  9043,     0,     0 

   215, BEAM  ,    4,    81,  5048,  1043,     0,     0 

   216, BEAM  ,    4,    81,  5048,  9043,     0,     0 

   217, BEAM  ,    4,    81,  5053,  1048,     0,     0 

   218, BEAM  ,    4,    81,  5053,  9048,     0,     0 

   219, BEAM  ,    4,    81,  5059,  1053,     0,     0 

   220, BEAM  ,    4,    81,  5059,  9053,     0,     0 

   221, BEAM  ,    4,    81,  5065,  1059,     0,     0 

   222, BEAM  ,    4,    81,  5065,  9059,     0,     0 

   223, BEAM  ,    4,    81,  3071,  1065,     0,     0 

   224, BEAM  ,    4,    81,  7071,  9065,     0,     0 

   225, BEAM  ,    4,    81,  3077,  1071,     0,     0 

   226, BEAM  ,    4,    81,  7077,  9071,     0,     0 

   227, BEAM  ,    4,    81,  3083,  1077,     0,     0 

   228, BEAM  ,    4,    81,  7083,  9077,     0,     0 

   229, BEAM  ,    4,    81,  3089,  1083,     0,     0 

   230, BEAM  ,    4,    81,  7089,  9083,     0,     0 

   231, BEAM  ,    4,    81,  5095,  3089,     0,     0 

   232, BEAM  ,    4,    81,  5095,  7089,     0,     0 

   233, BEAM  ,    4,    81,  1098,  5095,     0,     0 

   234, BEAM  ,    4,    81,  9098,  5095,     0,     0 

   301, BEAM  ,    4,    81,  1001,  3007,     0,     0 

   302, BEAM  ,    4,    81,  9001,  7007,     0,     0 

   303, BEAM  ,    4,    81,  1007,  3013,     0,     0 

   304, BEAM  ,    4,    81,  9007,  7013,     0,     0 

   305, BEAM  ,    4,    81,  1013,  3019,     0,     0 

   306, BEAM  ,    4,    81,  9013,  7019,     0,     0 

   307, BEAM  ,    4,    81,  3019,  5025,     0,     0 

   308, BEAM  ,    4,    81,  7019,  5025,     0,     0 

   309, BEAM  ,    4,    81,  1025,  5031,     0,     0 

   310, BEAM  ,    4,    81,  9025,  5031,     0,     0 

   311, BEAM  ,    4,    81,  1031,  5037,     0,     0 

   312, BEAM  ,    4,    81,  9031,  5037,     0,     0 

   313, BEAM  ,    4,    81,  1037,  5043,     0,     0 

   314, BEAM  ,    4,    81,  9037,  5043,     0,     0 

   315, BEAM  ,    4,    81,  5043,  1048,     0,     0 

   316, BEAM  ,    4,    81,  5043,  9048,     0,     0 

   317, BEAM  ,    4,    81,  5048,  1053,     0,     0 

   318, BEAM  ,    4,    81,  5048,  9053,     0,     0 

   319, BEAM  ,    4,    81,  5053,  1059,     0,     0 

   320, BEAM  ,    4,    81,  5053,  9059,     0,     0 

   321, BEAM  ,    4,    81,  5059,  3065,     0,     0 

   322, BEAM  ,    4,    81,  5059,  7065,     0,     0 

   323, BEAM  ,    4,    81,  3065,  1071,     0,     0 

   324, BEAM  ,    4,    81,  7065,  9071,     0,     0 

   325, BEAM  ,    4,    81,  3071,  1077,     0,     0 

   326, BEAM  ,    4,    81,  7071,  9077,     0,     0 

   327, BEAM  ,    4,    81,  3077,  1083,     0,     0 

   328, BEAM  ,    4,    81,  7077,  9083,     0,     0 

   329, BEAM  ,    4,    81,  3083,  1089,     0,     0 

   330, BEAM  ,    4,    81,  7083,  9089,     0,     0 
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   331, BEAM  ,    4,    81,  5089,  1095,     0,     0 

   332, BEAM  ,    4,    81,  5089,  9095,     0,     0 

   333, BEAM  ,    4,    81,  1095,  5098,     0,     0 

   334, BEAM  ,    4,    81,  9095,  5098,     0,     0 

  1001, BEAM  ,    3,     6,  1001,  1002,     0,     0 

  1002, BEAM  ,    3,     6,  1002,  1003,     0,     0 

  1003, BEAM  ,    3,     6,  1003,  1004,     0,     0 

  1004, BEAM  ,    3,     6,  1004,  1005,     0,     0 

  1005, BEAM  ,    3,     6,  1005,  1006,     0,     0 

  1006, BEAM  ,    3,     6,  1006,  1007,     0,     0 

  1007, BEAM  ,    3,     6,  1007,  1008,     0,     0 

  1008, BEAM  ,    3,     6,  1008,  1009,     0,     0 

  1009, BEAM  ,    3,     6,  1009,  1010,     0,     0 

  1010, BEAM  ,    3,     6,  1010,  1011,     0,     0 

  1011, BEAM  ,    3,     6,  1011,  1012,     0,     0 

  1012, BEAM  ,    3,     6,  1012,  1013,     0,     0 

  1013, BEAM  ,    3,     6,  1013,  1014,     0,     0 

  1014, BEAM  ,    3,     6,  1014,  1015,     0,     0 

  1015, BEAM  ,    3,     6,  1015,  1016,     0,     0 

  1016, BEAM  ,    3,     6,  1016,  1017,     0,     0 

  1017, BEAM  ,    3,     6,  1017,  1018,     0,     0 

  1018, BEAM  ,    3,     6,  1018,  1019,     0,     0 

  1019, BEAM  ,    3,     6,  1019,  1020,     0,     0 

  1020, BEAM  ,    3,     6,  1020,  1021,     0,     0 

  1021, BEAM  ,    3,     6,  1021,  1022,     0,     0 

  1022, BEAM  ,    3,     5,  1022,  1023,     0,     0 

  1023, BEAM  ,    3,     5,  1023,  1024,     0,     0 

  1024, BEAM  ,    3,     5,  1024,  1025,     0,     0 

  1025, BEAM  ,    3,     5,  1025,  1026,     0,     0 

  1026, BEAM  ,    3,     5,  1026,  1027,     0,     0 

  1027, BEAM  ,    3,     5,  1027,  1028,     0,     0 

  1028, BEAM  ,    3,     5,  1028,  1029,     0,     0 

  1029, BEAM  ,    3,     5,  1029,  1030,     0,     0 

  1030, BEAM  ,    3,     5,  1030,  1031,     0,     0 

  1031, BEAM  ,    3,     5,  1031,  1032,     0,     0 

  1032, BEAM  ,    3,     5,  1032,  1033,     0,     0 

  1033, BEAM  ,    3,     5,  1033,  1034,     0,     0 

  1034, BEAM  ,    3,     5,  1034,  1035,     0,     0 

  1035, BEAM  ,    3,     5,  1035,  1036,     0,     0 

  1036, BEAM  ,    3,     5,  1036,  1037,     0,     0 

  1037, BEAM  ,    3,     5,  1037,  1038,     0,     0 

  1038, BEAM  ,    3,     5,  1038,  1039,     0,     0 

  1039, BEAM  ,    3,     5,  1039,  1040,     0,     0 

  1040, BEAM  ,    3,     5,  1040,  1041,     0,     0 

  1041, BEAM  ,    3,     5,  1041,  1042,     0,     0 

  1042, BEAM  ,    3,     5,  1042,  1043,     0,     0 

  1043, BEAM  ,    3,     5,  1043,  1044,     0,     0 

  1044, BEAM  ,    3,     5,  1044,  1045,     0,     0 

  1045, BEAM  ,    3,     5,  1045,  1046,     0,     0 

  1046, BEAM  ,    3,     5,  1046,  1047,     0,     0 

  1047, BEAM  ,    3,     5,  1047,  1048,     0,     0 

  1048, BEAM  ,    3,     5,  1048,  1049,     0,     0 

  1049, BEAM  ,    3,     5,  1049,  1050,     0,     0 

  1050, BEAM  ,    3,     5,  1050,  1051,     0,     0 

  1051, BEAM  ,    3,     5,  1051,  1052,     0,     0 

  1052, BEAM  ,    3,     5,  1052,  1053,     0,     0 

  1053, BEAM  ,    3,     5,  1053,  1054,     0,     0 

  1054, BEAM  ,    3,     5,  1054,  1055,     0,     0 

  1055, BEAM  ,    3,     5,  1055,  1056,     0,     0 

  1056, BEAM  ,    3,     5,  1056,  1057,     0,     0 

  1057, BEAM  ,    3,     5,  1057,  1058,     0,     0 

  1058, BEAM  ,    3,     5,  1058,  1059,     0,     0 

  1059, BEAM  ,    3,     5,  1059,  1060,     0,     0 

  1060, BEAM  ,    3,     5,  1060,  1061,     0,     0 

  1061, BEAM  ,    3,     5,  1061,  1062,     0,     0 

  1062, BEAM  ,    3,     6,  1062,  1063,     0,     0 

  1063, BEAM  ,    3,     6,  1063,  1064,     0,     0 

  1064, BEAM  ,    3,     6,  1064,  1065,     0,     0 
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  1065, BEAM  ,    3,     6,  1065,  1066,     0,     0 

  1066, BEAM  ,    3,     6,  1066,  1067,     0,     0 

  1067, BEAM  ,    3,     6,  1067,  1068,     0,     0 

  1068, BEAM  ,    3,     6,  1068,  1069,     0,     0 

  1069, BEAM  ,    3,     6,  1069,  1070,     0,     0 

  1070, BEAM  ,    3,     6,  1070,  1071,     0,     0 

  1071, BEAM  ,    3,     6,  1071,  1072,     0,     0 

  1072, BEAM  ,    3,     6,  1072,  1073,     0,     0 

  1073, BEAM  ,    3,     6,  1073,  1074,     0,     0 

  1074, BEAM  ,    3,     6,  1074,  1075,     0,     0 

  1075, BEAM  ,    3,     6,  1075,  1076,     0,     0 

  1076, BEAM  ,    3,     6,  1076,  1077,     0,     0 

  1077, BEAM  ,    3,     6,  1077,  1078,     0,     0 

  1078, BEAM  ,    3,     6,  1078,  1079,     0,     0 

  1079, BEAM  ,    3,     6,  1079,  1080,     0,     0 

  1080, BEAM  ,    3,     6,  1080,  1081,     0,     0 

  1081, BEAM  ,    3,     6,  1081,  1082,     0,     0 

  1082, BEAM  ,    3,     6,  1082,  1083,     0,     0 

  1083, BEAM  ,    3,     6,  1083,  1084,     0,     0 

  1084, BEAM  ,    3,     6,  1084,  1085,     0,     0 

  1085, BEAM  ,    3,     6,  1085,  1086,     0,     0 

  1086, BEAM  ,    3,     6,  1086,  1087,     0,     0 

  1087, BEAM  ,    3,     6,  1087,  1088,     0,     0 

  1088, BEAM  ,    3,     6,  1088,  1089,     0,     0 

  1089, BEAM  ,    3,     6,  1089,  1090,     0,     0 

  1090, BEAM  ,    3,     6,  1090,  1091,     0,     0 

  1091, BEAM  ,    3,     6,  1091,  1092,     0,     0 

  1092, BEAM  ,    3,     6,  1092,  1093,     0,     0 

  1093, BEAM  ,    3,     6,  1093,  1094,     0,     0 

  1094, BEAM  ,    3,     6,  1094,  1095,     0,     0 

  1095, BEAM  ,    3,     6,  1095,  1096,     0,     0 

  1096, BEAM  ,    3,     6,  1096,  1097,     0,     0 

  1097, BEAM  ,    3,     6,  1097,  1098,     0,     0 

  3001, BEAM  ,    3,     3,  3001,  3002,     0,     0 

  3002, BEAM  ,    3,     3,  3002,  3003,     0,     0 

  3003, BEAM  ,    3,     3,  3003,  3004,     0,     0 

  3004, BEAM  ,    3,     6,  3004,  3005,     0,     0 

  3005, BEAM  ,    3,     6,  3005,  3006,     0,     0 

  3006, BEAM  ,    3,     6,  3006,  3007,     0,     0 

  3007, BEAM  ,    3,     6,  3007,  3008,     0,     0 

  3008, BEAM  ,    3,     6,  3008,  3009,     0,     0 

  3009, BEAM  ,    3,     6,  3009,  3010,     0,     0 

  3010, BEAM  ,    3,     6,  3010,  3011,     0,     0 

  3011, BEAM  ,    3,     6,  3011,  3012,     0,     0 

  3012, BEAM  ,    3,     6,  3012,  3013,     0,     0 

  3013, BEAM  ,    3,     6,  3013,  3014,     0,     0 

  3014, BEAM  ,    3,     6,  3014,  3015,     0,     0 

  3015, BEAM  ,    3,     6,  3015,  3016,     0,     0 

  3016, BEAM  ,    3,     3,  3016,  3017,     0,     0 

  3017, BEAM  ,    3,     3,  3017,  3018,     0,     0 

  3018, BEAM  ,    3,     3,  3018,  3019,     0,     0 

  3019, BEAM  ,    3,     3,  3019,  3020,     0,     0 

  3020, BEAM  ,    3,     3,  3020,  3021,     0,     0 

  3021, BEAM  ,    3,     3,  3021,  1022,     0,     0 

  3062, BEAM  ,    3,     3,  1062,  3063,     0,     0 

  3063, BEAM  ,    3,     3,  3063,  3064,     0,     0 

  3064, BEAM  ,    3,     3,  3064,  3065,     0,     0 

  3065, BEAM  ,    3,     3,  3065,  3066,     0,     0 

  3066, BEAM  ,    3,     3,  3066,  3067,     0,     0 

  3067, BEAM  ,    3,     3,  3067,  3068,     0,     0 

  3068, BEAM  ,    3,     6,  3068,  3069,     0,     0 

  3069, BEAM  ,    3,     6,  3069,  3070,     0,     0 

  3070, BEAM  ,    3,     6,  3070,  3071,     0,     0 

  3071, BEAM  ,    3,     6,  3071,  3072,     0,     0 

  3072, BEAM  ,    3,     6,  3072,  3073,     0,     0 

  3073, BEAM  ,    3,     6,  3073,  3074,     0,     0 

  3074, BEAM  ,    3,     6,  3074,  3075,     0,     0 

  3075, BEAM  ,    3,     6,  3075,  3076,     0,     0 
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  3076, BEAM  ,    3,     6,  3076,  3077,     0,     0 

  3077, BEAM  ,    3,     6,  3077,  3078,     0,     0 

  3078, BEAM  ,    3,     6,  3078,  3079,     0,     0 

  3079, BEAM  ,    3,     6,  3079,  3080,     0,     0 

  3080, BEAM  ,    3,     6,  3080,  3081,     0,     0 

  3081, BEAM  ,    3,     6,  3081,  3082,     0,     0 

  3082, BEAM  ,    3,     6,  3082,  3083,     0,     0 

  3083, BEAM  ,    3,     6,  3083,  3084,     0,     0 

  3084, BEAM  ,    3,     6,  3084,  3085,     0,     0 

  3085, BEAM  ,    3,     6,  3085,  3086,     0,     0 

  3086, BEAM  ,    3,     3,  3086,  3087,     0,     0 

  3087, BEAM  ,    3,     3,  3087,  3088,     0,     0 

  3088, BEAM  ,    3,     3,  3088,  3089,     0,     0 

  3089, BEAM  ,    3,     3,  3089,  3090,     0,     0 

  3090, BEAM  ,    3,     3,  3090,  3091,     0,     0 

  3091, BEAM  ,    3,     3,  3091,  1092,     0,     0 

  4001, BEAM  ,    3,     6,  5001,  4002,     0,     0 

  4002, BEAM  ,    3,     6,  4002,  4003,     0,     0 

  4003, BEAM  ,    3,     6,  4003,  3004,     0,     0 

  4016, BEAM  ,    3,     6,  3016,  4017,     0,     0 

  4017, BEAM  ,    3,     6,  4017,  4018,     0,     0 

  4018, BEAM  ,    3,     6,  4018,  5019,     0,     0 

  4065, BEAM  ,    3,     6,  5065,  4066,     0,     0 

  4066, BEAM  ,    3,     6,  4066,  4067,     0,     0 

  4067, BEAM  ,    3,     6,  4067,  3068,     0,     0 

  4086, BEAM  ,    3,     6,  3086,  4087,     0,     0 

  4087, BEAM  ,    3,     6,  4087,  4088,     0,     0 

  4088, BEAM  ,    3,     6,  4088,  5089,     0,     0 

  5019, BEAM  ,    3,     2,  5019,  5020,     0,     0 

  5020, BEAM  ,    3,     2,  5020,  5021,     0,     0 

  5021, BEAM  ,    3,     2,  5021,  5022,     0,     0 

  5022, BEAM  ,    3,     2,  5022,  5023,     0,     0 

  5023, BEAM  ,    3,     2,  5023,  5024,     0,     0 

  5024, BEAM  ,    3,     2,  5024,  5025,     0,     0 

  5025, BEAM  ,    3,     2,  5025,  5026,     0,     0 

  5026, BEAM  ,    3,     2,  5026,  5027,     0,     0 

  5027, BEAM  ,    3,     2,  5027,  5028,     0,     0 

  5028, BEAM  ,    3,     2,  5028,  5029,     0,     0 

  5029, BEAM  ,    3,     2,  5029,  5030,     0,     0 

  5030, BEAM  ,    3,     2,  5030,  5031,     0,     0 

  5031, BEAM  ,    3,     2,  5031,  5032,     0,     0 

  5032, BEAM  ,    3,     2,  5032,  5033,     0,     0 

  5033, BEAM  ,    3,     2,  5033,  5034,     0,     0 

  5034, BEAM  ,    3,     2,  5034,  5035,     0,     0 

  5035, BEAM  ,    3,     2,  5035,  5036,     0,     0 

  5036, BEAM  ,    3,     2,  5036,  5037,     0,     0 

  5037, BEAM  ,    3,     2,  5037,  5038,     0,     0 

  5038, BEAM  ,    3,     2,  5038,  5039,     0,     0 

  5039, BEAM  ,    3,     2,  5039,  5040,     0,     0 

  5040, BEAM  ,    3,     2,  5040,  5041,     0,     0 

  5041, BEAM  ,    3,     2,  5041,  5042,     0,     0 

  5042, BEAM  ,    3,     2,  5042,  5043,     0,     0 

  5043, BEAM  ,    3,     2,  5043,  5044,     0,     0 

  5044, BEAM  ,    3,     2,  5044,  5045,     0,     0 

  5045, BEAM  ,    3,     2,  5045,  5046,     0,     0 

  5046, BEAM  ,    3,     2,  5046,  5047,     0,     0 

  5047, BEAM  ,    3,     2,  5047,  5048,     0,     0 

  5048, BEAM  ,    3,     2,  5048,  5049,     0,     0 

  5049, BEAM  ,    3,     2,  5049,  5050,     0,     0 

  5050, BEAM  ,    3,     2,  5050,  5051,     0,     0 

  5051, BEAM  ,    3,     2,  5051,  5052,     0,     0 

  5052, BEAM  ,    3,     2,  5052,  5053,     0,     0 

  5053, BEAM  ,    3,     2,  5053,  5054,     0,     0 

  5054, BEAM  ,    3,     2,  5054,  5055,     0,     0 

  5055, BEAM  ,    3,     2,  5055,  5056,     0,     0 

  5056, BEAM  ,    3,     2,  5056,  5057,     0,     0 

  5057, BEAM  ,    3,     2,  5057,  5058,     0,     0 

  5058, BEAM  ,    3,     2,  5058,  5059,     0,     0 
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  5059, BEAM  ,    3,     2,  5059,  5060,     0,     0 

  5060, BEAM  ,    3,     2,  5060,  5061,     0,     0 

  5061, BEAM  ,    3,     2,  5061,  5062,     0,     0 

  5062, BEAM  ,    3,     2,  5062,  5063,     0,     0 

  5063, BEAM  ,    3,     2,  5063,  5064,     0,     0 

  5064, BEAM  ,    3,     2,  5064,  5065,     0,     0 

  5089, BEAM  ,    3,     2,  5089,  5090,     0,     0 

  5090, BEAM  ,    3,     2,  5090,  5091,     0,     0 

  5091, BEAM  ,    3,     2,  5091,  5092,     0,     0 

  5092, BEAM  ,    3,     2,  5092,  5093,     0,     0 

  5093, BEAM  ,    3,     2,  5093,  5094,     0,     0 

  5094, BEAM  ,    3,     2,  5094,  5095,     0,     0 

  5095, BEAM  ,    3,     2,  5095,  5096,     0,     0 

  5096, BEAM  ,    3,     2,  5096,  5097,     0,     0 

  5097, BEAM  ,    3,     2,  5097,  5098,     0,     0 

  6001, BEAM  ,    3,     6,  5001,  6002,     0,     0 

  6002, BEAM  ,    3,     6,  6002,  6003,     0,     0 

  6003, BEAM  ,    3,     6,  6003,  7004,     0,     0 

  6016, BEAM  ,    3,     6,  7016,  6017,     0,     0 

  6017, BEAM  ,    3,     6,  6017,  6018,     0,     0 

  6018, BEAM  ,    3,     6,  6018,  5019,     0,     0 

  6065, BEAM  ,    3,     6,  5065,  6066,     0,     0 

  6066, BEAM  ,    3,     6,  6066,  6067,     0,     0 

  6067, BEAM  ,    3,     6,  6067,  7068,     0,     0 

  6086, BEAM  ,    3,     6,  7086,  6087,     0,     0 

  6087, BEAM  ,    3,     6,  6087,  6088,     0,     0 

  6088, BEAM  ,    3,     6,  6088,  5089,     0,     0 

  7001, BEAM  ,    3,     3,  7001,  7002,     0,     0 

  7002, BEAM  ,    3,     3,  7002,  7003,     0,     0 

  7003, BEAM  ,    3,     3,  7003,  7004,     0,     0 

  7004, BEAM  ,    3,     6,  7004,  7005,     0,     0 

  7005, BEAM  ,    3,     6,  7005,  7006,     0,     0 

  7006, BEAM  ,    3,     6,  7006,  7007,     0,     0 

  7007, BEAM  ,    3,     6,  7007,  7008,     0,     0 

  7008, BEAM  ,    3,     6,  7008,  7009,     0,     0 

  7009, BEAM  ,    3,     6,  7009,  7010,     0,     0 

  7010, BEAM  ,    3,     6,  7010,  7011,     0,     0 

  7011, BEAM  ,    3,     6,  7011,  7012,     0,     0 

  7012, BEAM  ,    3,     6,  7012,  7013,     0,     0 

  7013, BEAM  ,    3,     6,  7013,  7014,     0,     0 

  7014, BEAM  ,    3,     6,  7014,  7015,     0,     0 

  7015, BEAM  ,    3,     6,  7015,  7016,     0,     0 

  7016, BEAM  ,    3,     3,  7016,  7017,     0,     0 

  7017, BEAM  ,    3,     3,  7017,  7018,     0,     0 

  7018, BEAM  ,    3,     3,  7018,  7019,     0,     0 

  7019, BEAM  ,    3,     3,  7019,  7020,     0,     0 

  7020, BEAM  ,    3,     3,  7020,  7021,     0,     0 

  7021, BEAM  ,    3,     3,  7021,  9022,     0,     0 

  7062, BEAM  ,    3,     3,  9062,  7063,     0,     0 

  7063, BEAM  ,    3,     3,  7063,  7064,     0,     0 

  7064, BEAM  ,    3,     3,  7064,  7065,     0,     0 

  7065, BEAM  ,    3,     3,  7065,  7066,     0,     0 

  7066, BEAM  ,    3,     3,  7066,  7067,     0,     0 

  7067, BEAM  ,    3,     3,  7067,  7068,     0,     0 

  7068, BEAM  ,    3,     6,  7068,  7069,     0,     0 

  7069, BEAM  ,    3,     6,  7069,  7070,     0,     0 

  7070, BEAM  ,    3,     6,  7070,  7071,     0,     0 

  7071, BEAM  ,    3,     6,  7071,  7072,     0,     0 

  7072, BEAM  ,    3,     6,  7072,  7073,     0,     0 

  7073, BEAM  ,    3,     6,  7073,  7074,     0,     0 

  7074, BEAM  ,    3,     6,  7074,  7075,     0,     0 

  7075, BEAM  ,    3,     6,  7075,  7076,     0,     0 

  7076, BEAM  ,    3,     6,  7076,  7077,     0,     0 

  7077, BEAM  ,    3,     6,  7077,  7078,     0,     0 

  7078, BEAM  ,    3,     6,  7078,  7079,     0,     0 

  7079, BEAM  ,    3,     6,  7079,  7080,     0,     0 

  7080, BEAM  ,    3,     6,  7080,  7081,     0,     0 

  7081, BEAM  ,    3,     6,  7081,  7082,     0,     0 
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  7082, BEAM  ,    3,     6,  7082,  7083,     0,     0 

  7083, BEAM  ,    3,     6,  7083,  7084,     0,     0 

  7084, BEAM  ,    3,     6,  7084,  7085,     0,     0 

  7085, BEAM  ,    3,     6,  7085,  7086,     0,     0 

  7086, BEAM  ,    3,     3,  7086,  7087,     0,     0 

  7087, BEAM  ,    3,     3,  7087,  7088,     0,     0 

  7088, BEAM  ,    3,     3,  7088,  7089,     0,     0 

  7089, BEAM  ,    3,     3,  7089,  7090,     0,     0 

  7090, BEAM  ,    3,     3,  7090,  7091,     0,     0 

  7091, BEAM  ,    3,     3,  7091,  9092,     0,     0 

  9001, BEAM  ,    3,     6,  9001,  9002,     0,     0 

  9002, BEAM  ,    3,     6,  9002,  9003,     0,     0 

  9003, BEAM  ,    3,     6,  9003,  9004,     0,     0 

  9004, BEAM  ,    3,     6,  9004,  9005,     0,     0 

  9005, BEAM  ,    3,     6,  9005,  9006,     0,     0 

  9006, BEAM  ,    3,     6,  9006,  9007,     0,     0 

  9007, BEAM  ,    3,     6,  9007,  9008,     0,     0 

  9008, BEAM  ,    3,     6,  9008,  9009,     0,     0 

  9009, BEAM  ,    3,     6,  9009,  9010,     0,     0 

  9010, BEAM  ,    3,     6,  9010,  9011,     0,     0 

  9011, BEAM  ,    3,     6,  9011,  9012,     0,     0 

  9012, BEAM  ,    3,     6,  9012,  9013,     0,     0 

  9013, BEAM  ,    3,     6,  9013,  9014,     0,     0 

  9014, BEAM  ,    3,     6,  9014,  9015,     0,     0 

  9015, BEAM  ,    3,     6,  9015,  9016,     0,     0 

  9016, BEAM  ,    3,     6,  9016,  9017,     0,     0 

  9017, BEAM  ,    3,     6,  9017,  9018,     0,     0 

  9018, BEAM  ,    3,     6,  9018,  9019,     0,     0 

  9019, BEAM  ,    3,     6,  9019,  9020,     0,     0 

  9020, BEAM  ,    3,     6,  9020,  9021,     0,     0 

  9021, BEAM  ,    3,     6,  9021,  9022,     0,     0 

  9022, BEAM  ,    3,     5,  9022,  9023,     0,     0 

  9023, BEAM  ,    3,     5,  9023,  9024,     0,     0 

  9024, BEAM  ,    3,     5,  9024,  9025,     0,     0 

  9025, BEAM  ,    3,     5,  9025,  9026,     0,     0 

  9026, BEAM  ,    3,     5,  9026,  9027,     0,     0 

  9027, BEAM  ,    3,     5,  9027,  9028,     0,     0 

  9028, BEAM  ,    3,     5,  9028,  9029,     0,     0 

  9029, BEAM  ,    3,     5,  9029,  9030,     0,     0 

  9030, BEAM  ,    3,     5,  9030,  9031,     0,     0 

  9031, BEAM  ,    3,     5,  9031,  9032,     0,     0 

  9032, BEAM  ,    3,     5,  9032,  9033,     0,     0 

  9033, BEAM  ,    3,     5,  9033,  9034,     0,     0 

  9034, BEAM  ,    3,     5,  9034,  9035,     0,     0 

  9035, BEAM  ,    3,     5,  9035,  9036,     0,     0 

  9036, BEAM  ,    3,     5,  9036,  9037,     0,     0 

  9037, BEAM  ,    3,     5,  9037,  9038,     0,     0 

  9038, BEAM  ,    3,     5,  9038,  9039,     0,     0 

  9039, BEAM  ,    3,     5,  9039,  9040,     0,     0 

  9040, BEAM  ,    3,     5,  9040,  9041,     0,     0 

  9041, BEAM  ,    3,     5,  9041,  9042,     0,     0 

  9042, BEAM  ,    3,     5,  9042,  9043,     0,     0 

  9043, BEAM  ,    3,     5,  9043,  9044,     0,     0 

  9044, BEAM  ,    3,     5,  9044,  9045,     0,     0 

  9045, BEAM  ,    3,     5,  9045,  9046,     0,     0 

  9046, BEAM  ,    3,     5,  9046,  9047,     0,     0 

  9047, BEAM  ,    3,     5,  9047,  9048,     0,     0 

  9048, BEAM  ,    3,     5,  9048,  9049,     0,     0 

  9049, BEAM  ,    3,     5,  9049,  9050,     0,     0 

  9050, BEAM  ,    3,     5,  9050,  9051,     0,     0 

  9051, BEAM  ,    3,     5,  9051,  9052,     0,     0 

  9052, BEAM  ,    3,     5,  9052,  9053,     0,     0 

  9053, BEAM  ,    3,     5,  9053,  9054,     0,     0 

  9054, BEAM  ,    3,     5,  9054,  9055,     0,     0 

  9055, BEAM  ,    3,     5,  9055,  9056,     0,     0 

  9056, BEAM  ,    3,     5,  9056,  9057,     0,     0 

  9057, BEAM  ,    3,     5,  9057,  9058,     0,     0 

  9058, BEAM  ,    3,     5,  9058,  9059,     0,     0 
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  9059, BEAM  ,    3,     5,  9059,  9060,     0,     0 

  9060, BEAM  ,    3,     5,  9060,  9061,     0,     0 

  9061, BEAM  ,    3,     5,  9061,  9062,     0,     0 

  9062, BEAM  ,    3,     6,  9062,  9063,     0,     0 

  9063, BEAM  ,    3,     6,  9063,  9064,     0,     0 

  9064, BEAM  ,    3,     6,  9064,  9065,     0,     0 

  9065, BEAM  ,    3,     6,  9065,  9066,     0,     0 

  9066, BEAM  ,    3,     6,  9066,  9067,     0,     0 

  9067, BEAM  ,    3,     6,  9067,  9068,     0,     0 

  9068, BEAM  ,    3,     6,  9068,  9069,     0,     0 

  9069, BEAM  ,    3,     6,  9069,  9070,     0,     0 

  9070, BEAM  ,    3,     6,  9070,  9071,     0,     0 

  9071, BEAM  ,    3,     6,  9071,  9072,     0,     0 

  9072, BEAM  ,    3,     6,  9072,  9073,     0,     0 

  9073, BEAM  ,    3,     6,  9073,  9074,     0,     0 

  9074, BEAM  ,    3,     6,  9074,  9075,     0,     0 

  9075, BEAM  ,    3,     6,  9075,  9076,     0,     0 

  9076, BEAM  ,    3,     6,  9076,  9077,     0,     0 

  9077, BEAM  ,    3,     6,  9077,  9078,     0,     0 

  9078, BEAM  ,    3,     6,  9078,  9079,     0,     0 

  9079, BEAM  ,    3,     6,  9079,  9080,     0,     0 

  9080, BEAM  ,    3,     6,  9080,  9081,     0,     0 

  9081, BEAM  ,    3,     6,  9081,  9082,     0,     0 

  9082, BEAM  ,    3,     6,  9082,  9083,     0,     0 

  9083, BEAM  ,    3,     6,  9083,  9084,     0,     0 

  9084, BEAM  ,    3,     6,  9084,  9085,     0,     0 

  9085, BEAM  ,    3,     6,  9085,  9086,     0,     0 

  9086, BEAM  ,    3,     6,  9086,  9087,     0,     0 

  9087, BEAM  ,    3,     6,  9087,  9088,     0,     0 

  9088, BEAM  ,    3,     6,  9088,  9089,     0,     0 

  9089, BEAM  ,    3,     6,  9089,  9090,     0,     0 

  9090, BEAM  ,    3,     6,  9090,  9091,     0,     0 

  9091, BEAM  ,    3,     6,  9091,  9092,     0,     0 

  9092, BEAM  ,    3,     6,  9092,  9093,     0,     0 

  9093, BEAM  ,    3,     6,  9093,  9094,     0,     0 

  9094, BEAM  ,    3,     6,  9094,  9095,     0,     0 

  9095, BEAM  ,    3,     6,  9095,  9096,     0,     0 

  9096, BEAM  ,    3,     6,  9096,  9097,     0,     0 

  9097, BEAM  ,    3,     6,  9097,  9098,     0,     0 

 11001, BEAM  ,    3,     2,  1001,  2001,     0,     0 

 11002, BEAM  ,    3,     7,  1002,  3002,     0,     0 

 11003, BEAM  ,    3,     7,  1003,  3003,     0,     0 

 11004, BEAM  ,    3,     7,  1004,  3004,     0,     0 

 11005, BEAM  ,    3,     7,  1005,  3005,     0,     0 

 11006, BEAM  ,    3,     7,  1006,  3006,     0,     0 

 11007, BEAM  ,    3,     3,  1007,  2007,     0,     0 

 11008, BEAM  ,    3,     7,  1008,  3008,     0,     0 

 11009, BEAM  ,    3,     7,  1009,  3009,     0,     0 

 11010, BEAM  ,    3,     7,  1010,  3010,     0,     0 

 11011, BEAM  ,    3,     7,  1011,  3011,     0,     0 

 11012, BEAM  ,    3,     7,  1012,  3012,     0,     0 

 11013, BEAM  ,    3,     4,  1013,  3013,     0,     0 

 11014, BEAM  ,    3,     7,  1014,  3014,     0,     0 

 11015, BEAM  ,    3,     7,  1015,  3015,     0,     0 

 11016, BEAM  ,    3,     7,  1016,  3016,     0,     0 

 11017, BEAM  ,    3,     7,  1017,  3017,     0,     0 

 11018, BEAM  ,    3,     7,  1018,  3018,     0,     0 

 11019, BEAM  ,    3,     3,  1019,  2019,     0,     0 

 11020, BEAM  ,    3,     7,  1020,  3020,     0,     0 

 11021, BEAM  ,    3,     7,  1021,  3021,     0,     0 

 11022, BEAM  ,    3,     7,  1022,  5022,     0,     0 

 11023, BEAM  ,    3,     7,  1023,  5023,     0,     0 

 11024, BEAM  ,    3,     7,  1024,  5024,     0,     0 

 11025, BEAM  ,    3,     4,  1025,  5025,     0,     0 

 11026, BEAM  ,    3,     7,  1026,  5026,     0,     0 

 11027, BEAM  ,    3,     7,  1027,  5027,     0,     0 

 11028, BEAM  ,    3,     7,  1028,  5028,     0,     0 

 11029, BEAM  ,    3,     7,  1029,  5029,     0,     0 
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 11030, BEAM  ,    3,     7,  1030,  5030,     0,     0 

 11031, BEAM  ,    3,     3,  1031,  2031,     0,     0 

 11032, BEAM  ,    3,     7,  1032,  5032,     0,     0 

 11033, BEAM  ,    3,     7,  1033,  5033,     0,     0 

 11034, BEAM  ,    3,     7,  1034,  5034,     0,     0 

 11035, BEAM  ,    3,     7,  1035,  5035,     0,     0 

 11036, BEAM  ,    3,     7,  1036,  5036,     0,     0 

 11037, BEAM  ,    3,     4,  1037,  5037,     0,     0 

 11038, BEAM  ,    3,     7,  1038,  5038,     0,     0 

 11039, BEAM  ,    3,     7,  1039,  5039,     0,     0 

 11040, BEAM  ,    3,     7,  1040,  5040,     0,     0 

 11041, BEAM  ,    3,     7,  1041,  5041,     0,     0 

 11042, BEAM  ,    3,     7,  1042,  5042,     0,     0 

 11043, BEAM  ,    3,     3,  1043,  2043,     0,     0 

 11044, BEAM  ,    3,     7,  1044,  5044,     0,     0 

 11045, BEAM  ,    3,     7,  1045,  5045,     0,     0 

 11046, BEAM  ,    3,     7,  1046,  5046,     0,     0 

 11047, BEAM  ,    3,     7,  1047,  5047,     0,     0 

 11048, BEAM  ,    3,     4,  1048,  5048,     0,     0 

 11049, BEAM  ,    3,     7,  1049,  5049,     0,     0 

 11050, BEAM  ,    3,     7,  1050,  5050,     0,     0 

 11051, BEAM  ,    3,     7,  1051,  5051,     0,     0 

 11052, BEAM  ,    3,     7,  1052,  5052,     0,     0 

 11053, BEAM  ,    3,     3,  1053,  2053,     0,     0 

 11054, BEAM  ,    3,     7,  1054,  5054,     0,     0 

 11055, BEAM  ,    3,     7,  1055,  5055,     0,     0 

 11056, BEAM  ,    3,     7,  1056,  5056,     0,     0 

 11057, BEAM  ,    3,     7,  1057,  5057,     0,     0 

 11058, BEAM  ,    3,     7,  1058,  5058,     0,     0 

 11059, BEAM  ,    3,     4,  1059,  5059,     0,     0 

 11060, BEAM  ,    3,     7,  1060,  5060,     0,     0 

 11061, BEAM  ,    3,     7,  1061,  5061,     0,     0 

 11062, BEAM  ,    3,     7,  1062,  5062,     0,     0 

 11063, BEAM  ,    3,     7,  1063,  3063,     0,     0 

 11064, BEAM  ,    3,     7,  1064,  3064,     0,     0 

 11065, BEAM  ,    3,     3,  1065,  2065,     0,     0 

 11066, BEAM  ,    3,     7,  1066,  3066,     0,     0 

 11067, BEAM  ,    3,     7,  1067,  3067,     0,     0 

 11068, BEAM  ,    3,     7,  1068,  3068,     0,     0 

 11069, BEAM  ,    3,     7,  1069,  3069,     0,     0 

 11070, BEAM  ,    3,     7,  1070,  3070,     0,     0 

 11071, BEAM  ,    3,     4,  1071,  3071,     0,     0 

 11072, BEAM  ,    3,     7,  1072,  3072,     0,     0 

 11073, BEAM  ,    3,     7,  1073,  3073,     0,     0 

 11074, BEAM  ,    3,     7,  1074,  3074,     0,     0 

 11075, BEAM  ,    3,     7,  1075,  3075,     0,     0 

 11076, BEAM  ,    3,     7,  1076,  3076,     0,     0 

 11077, BEAM  ,    3,     3,  1077,  2077,     0,     0 

 11078, BEAM  ,    3,     7,  1078,  3078,     0,     0 

 11079, BEAM  ,    3,     7,  1079,  3079,     0,     0 

 11080, BEAM  ,    3,     7,  1080,  3080,     0,     0 

 11081, BEAM  ,    3,     7,  1081,  3081,     0,     0 

 11082, BEAM  ,    3,     7,  1082,  3082,     0,     0 

 11083, BEAM  ,    3,     4,  1083,  3083,     0,     0 

 11084, BEAM  ,    3,     7,  1084,  3084,     0,     0 

 11085, BEAM  ,    3,     7,  1085,  3085,     0,     0 

 11086, BEAM  ,    3,     7,  1086,  3086,     0,     0 

 11087, BEAM  ,    3,     7,  1087,  3087,     0,     0 

 11088, BEAM  ,    3,     7,  1088,  3088,     0,     0 

 11089, BEAM  ,    3,     3,  1089,  2089,     0,     0 

 11090, BEAM  ,    3,     7,  1090,  3090,     0,     0 

 11091, BEAM  ,    3,     7,  1091,  3091,     0,     0 

 11092, BEAM  ,    3,     7,  1092,  5092,     0,     0 

 11093, BEAM  ,    3,     7,  1093,  5093,     0,     0 

 11094, BEAM  ,    3,     7,  1094,  5094,     0,     0 

 11095, BEAM  ,    3,     3,  1095,  2095,     0,     0 

 11096, BEAM  ,    3,     7,  1096,  5096,     0,     0 

 11097, BEAM  ,    3,     7,  1097,  5097,     0,     0 
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 11098, BEAM  ,    3,     4,  1098,  5098,     0,     0 

 12001, BEAM  ,    3,     2,  2001,  3001,     0,     0 

 12007, BEAM  ,    3,     3,  2007,  3007,     0,     0 

 12019, BEAM  ,    3,     3,  2019,  3019,     0,     0 

 12031, BEAM  ,    3,     3,  2031,  5031,     0,     0 

 12043, BEAM  ,    3,     3,  2043,  5043,     0,     0 

 12053, BEAM  ,    3,     3,  2053,  5053,     0,     0 

 12065, BEAM  ,    3,     3,  2065,  3065,     0,     0 

 12077, BEAM  ,    3,     3,  2077,  3077,     0,     0 

 12089, BEAM  ,    3,     3,  2089,  3089,     0,     0 

 12095, BEAM  ,    3,     3,  2095,  5095,     0,     0 

 13001, BEAM  ,    3,     2,  3001,  5001,     0,     0 

 13002, BEAM  ,    3,     7,  3002,  4002,     0,     0 

 13003, BEAM  ,    3,     7,  3003,  4003,     0,     0 

 13017, BEAM  ,    3,     7,  3017,  4017,     0,     0 

 13018, BEAM  ,    3,     7,  3018,  4018,     0,     0 

 13019, BEAM  ,    3,     3,  3019,  4019,     0,     0 

 13020, BEAM  ,    3,     7,  3020,  5020,     0,     0 

 13021, BEAM  ,    3,     7,  3021,  5021,     0,     0 

 13063, BEAM  ,    3,     7,  3063,  5063,     0,     0 

 13064, BEAM  ,    3,     7,  3064,  5064,     0,     0 

 13065, BEAM  ,    3,     3,  3065,  4065,     0,     0 

 13066, BEAM  ,    3,     7,  3066,  4066,     0,     0 

 13067, BEAM  ,    3,     7,  3067,  4067,     0,     0 

 13087, BEAM  ,    3,     7,  3087,  4087,     0,     0 

 13088, BEAM  ,    3,     7,  3088,  4088,     0,     0 

 13089, BEAM  ,    3,     3,  3089,  4089,     0,     0 

 13090, BEAM  ,    3,     7,  3090,  5090,     0,     0 

 13091, BEAM  ,    3,     7,  3091,  5091,     0,     0 

 14019, BEAM  ,    3,     3,  4019,  5019,     0,     0 

 14065, BEAM  ,    3,     3,  4065,  5065,     0,     0 

 14089, BEAM  ,    3,     3,  4089,  5089,     0,     0 

 15001, BEAM  ,    3,     2,  5001,  7001,     0,     0 

 15019, BEAM  ,    3,     3,  5019,  6019,     0,     0 

 15020, BEAM  ,    3,     7,  5020,  7020,     0,     0 

 15021, BEAM  ,    3,     7,  5021,  7021,     0,     0 

 15022, BEAM  ,    3,     7,  5022,  9022,     0,     0 

 15023, BEAM  ,    3,     7,  5023,  9023,     0,     0 

 15024, BEAM  ,    3,     7,  5024,  9024,     0,     0 

 15025, BEAM  ,    3,     4,  5025,  9025,     0,     0 

 15026, BEAM  ,    3,     7,  5026,  9026,     0,     0 

 15027, BEAM  ,    3,     7,  5027,  9027,     0,     0 

 15028, BEAM  ,    3,     7,  5028,  9028,     0,     0 

 15029, BEAM  ,    3,     7,  5029,  9029,     0,     0 

 15030, BEAM  ,    3,     7,  5030,  9030,     0,     0 

 15031, BEAM  ,    3,     3,  5031,  8031,     0,     0 

 15032, BEAM  ,    3,     7,  5032,  9032,     0,     0 

 15033, BEAM  ,    3,     7,  5033,  9033,     0,     0 

 15034, BEAM  ,    3,     7,  5034,  9034,     0,     0 

 15035, BEAM  ,    3,     7,  5035,  9035,     0,     0 

 15036, BEAM  ,    3,     7,  5036,  9036,     0,     0 

 15037, BEAM  ,    3,     4,  5037,  9037,     0,     0 

 15038, BEAM  ,    3,     7,  5038,  9038,     0,     0 

 15039, BEAM  ,    3,     7,  5039,  9039,     0,     0 

 15040, BEAM  ,    3,     7,  5040,  9040,     0,     0 

 15041, BEAM  ,    3,     7,  5041,  9041,     0,     0 

 15042, BEAM  ,    3,     7,  5042,  9042,     0,     0 

 15043, BEAM  ,    3,     3,  5043,  8043,     0,     0 

 15044, BEAM  ,    3,     7,  5044,  9044,     0,     0 

 15045, BEAM  ,    3,     7,  5045,  9045,     0,     0 

 15046, BEAM  ,    3,     7,  5046,  9046,     0,     0 

 15047, BEAM  ,    3,     7,  5047,  9047,     0,     0 

 15048, BEAM  ,    3,     4,  5048,  9048,     0,     0 

 15049, BEAM  ,    3,     7,  5049,  9049,     0,     0 

 15050, BEAM  ,    3,     7,  5050,  9050,     0,     0 

 15051, BEAM  ,    3,     7,  5051,  9051,     0,     0 

 15052, BEAM  ,    3,     7,  5052,  9052,     0,     0 

 15053, BEAM  ,    3,     3,  5053,  8053,     0,     0 
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 15054, BEAM  ,    3,     7,  5054,  9054,     0,     0 

 15055, BEAM  ,    3,     7,  5055,  9055,     0,     0 

 15056, BEAM  ,    3,     7,  5056,  9056,     0,     0 

 15057, BEAM  ,    3,     7,  5057,  9057,     0,     0 

 15058, BEAM  ,    3,     7,  5058,  9058,     0,     0 

 15059, BEAM  ,    3,     4,  5059,  9059,     0,     0 

 15060, BEAM  ,    3,     7,  5060,  9060,     0,     0 

 15061, BEAM  ,    3,     7,  5061,  9061,     0,     0 

 15062, BEAM  ,    3,     7,  5062,  9062,     0,     0 

 15063, BEAM  ,    3,     7,  5063,  7063,     0,     0 

 15064, BEAM  ,    3,     7,  5064,  7064,     0,     0 

 15065, BEAM  ,    3,     3,  5065,  6065,     0,     0 

 15089, BEAM  ,    3,     3,  5089,  6089,     0,     0 

 15090, BEAM  ,    3,     7,  5090,  7090,     0,     0 

 15091, BEAM  ,    3,     7,  5091,  7091,     0,     0 

 15092, BEAM  ,    3,     7,  5092,  9092,     0,     0 

 15093, BEAM  ,    3,     7,  5093,  9093,     0,     0 

 15094, BEAM  ,    3,     7,  5094,  9094,     0,     0 

 15095, BEAM  ,    3,     3,  5095,  8095,     0,     0 

 15096, BEAM  ,    3,     7,  5096,  9096,     0,     0 

 15097, BEAM  ,    3,     7,  5097,  9097,     0,     0 

 15098, BEAM  ,    3,     4,  5098,  9098,     0,     0 

 16002, BEAM  ,    3,     7,  6002,  7002,     0,     0 

 16003, BEAM  ,    3,     7,  6003,  7003,     0,     0 

 16017, BEAM  ,    3,     7,  6017,  7017,     0,     0 

 16018, BEAM  ,    3,     7,  6018,  7018,     0,     0 

 16019, BEAM  ,    3,     3,  6019,  7019,     0,     0 

 16065, BEAM  ,    3,     3,  6065,  7065,     0,     0 

 16066, BEAM  ,    3,     7,  6066,  7066,     0,     0 

 16067, BEAM  ,    3,     7,  6067,  7067,     0,     0 

 16087, BEAM  ,    3,     7,  6087,  7087,     0,     0 

 16088, BEAM  ,    3,     7,  6088,  7088,     0,     0 

 16089, BEAM  ,    3,     3,  6089,  7089,     0,     0 

 17001, BEAM  ,    3,     2,  7001,  8001,     0,     0 

 17002, BEAM  ,    3,     7,  7002,  9002,     0,     0 

 17003, BEAM  ,    3,     7,  7003,  9003,     0,     0 

 17004, BEAM  ,    3,     7,  7004,  9004,     0,     0 

 17005, BEAM  ,    3,     7,  7005,  9005,     0,     0 

 17006, BEAM  ,    3,     7,  7006,  9006,     0,     0 

 17007, BEAM  ,    3,     3,  7007,  8007,     0,     0 

 17008, BEAM  ,    3,     7,  7008,  9008,     0,     0 

 17009, BEAM  ,    3,     7,  7009,  9009,     0,     0 

 17010, BEAM  ,    3,     7,  7010,  9010,     0,     0 

 17011, BEAM  ,    3,     7,  7011,  9011,     0,     0 

 17012, BEAM  ,    3,     7,  7012,  9012,     0,     0 

 17013, BEAM  ,    3,     4,  7013,  9013,     0,     0 

 17014, BEAM  ,    3,     7,  7014,  9014,     0,     0 

 17015, BEAM  ,    3,     7,  7015,  9015,     0,     0 

 17016, BEAM  ,    3,     7,  7016,  9016,     0,     0 

 17017, BEAM  ,    3,     7,  7017,  9017,     0,     0 

 17018, BEAM  ,    3,     7,  7018,  9018,     0,     0 

 17019, BEAM  ,    3,     3,  7019,  8019,     0,     0 

 17020, BEAM  ,    3,     7,  7020,  9020,     0,     0 

 17021, BEAM  ,    3,     7,  7021,  9021,     0,     0 

 17063, BEAM  ,    3,     7,  7063,  9063,     0,     0 

 17064, BEAM  ,    3,     7,  7064,  9064,     0,     0 

 17065, BEAM  ,    3,     3,  7065,  8065,     0,     0 

 17066, BEAM  ,    3,     7,  7066,  9066,     0,     0 

 17067, BEAM  ,    3,     7,  7067,  9067,     0,     0 

 17068, BEAM  ,    3,     7,  7068,  9068,     0,     0 

 17069, BEAM  ,    3,     7,  7069,  9069,     0,     0 

 17070, BEAM  ,    3,     7,  7070,  9070,     0,     0 

 17071, BEAM  ,    3,     4,  7071,  9071,     0,     0 

 17072, BEAM  ,    3,     7,  7072,  9072,     0,     0 

 17073, BEAM  ,    3,     7,  7073,  9073,     0,     0 

 17074, BEAM  ,    3,     7,  7074,  9074,     0,     0 

 17075, BEAM  ,    3,     7,  7075,  9075,     0,     0 

 17076, BEAM  ,    3,     7,  7076,  9076,     0,     0 
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 17077, BEAM  ,    3,     3,  7077,  8077,     0,     0 

 17078, BEAM  ,    3,     7,  7078,  9078,     0,     0 

 17079, BEAM  ,    3,     7,  7079,  9079,     0,     0 

 17080, BEAM  ,    3,     7,  7080,  9080,     0,     0 

 17081, BEAM  ,    3,     7,  7081,  9081,     0,     0 

 17082, BEAM  ,    3,     7,  7082,  9082,     0,     0 

 17083, BEAM  ,    3,     4,  7083,  9083,     0,     0 

 17084, BEAM  ,    3,     7,  7084,  9084,     0,     0 

 17085, BEAM  ,    3,     7,  7085,  9085,     0,     0 

 17086, BEAM  ,    3,     7,  7086,  9086,     0,     0 

 17087, BEAM  ,    3,     7,  7087,  9087,     0,     0 

 17088, BEAM  ,    3,     7,  7088,  9088,     0,     0 

 17089, BEAM  ,    3,     3,  7089,  8089,     0,     0 

 17090, BEAM  ,    3,     7,  7090,  9090,     0,     0 

 17091, BEAM  ,    3,     7,  7091,  9091,     0,     0 

 18001, BEAM  ,    3,     2,  8001,  9001,     0,     0 

 18007, BEAM  ,    3,     3,  8007,  9007,     0,     0 

 18019, BEAM  ,    3,     3,  8019,  9019,     0,     0 

 18031, BEAM  ,    3,     3,  8031,  9031,     0,     0 

 18043, BEAM  ,    3,     3,  8043,  9043,     0,     0 

 18053, BEAM  ,    3,     3,  8053,  9053,     0,     0 

 18065, BEAM  ,    3,     3,  8065,  9065,     0,     0 

 18077, BEAM  ,    3,     3,  8077,  9077,     0,     0 

 18089, BEAM  ,    3,     3,  8089,  9089,     0,     0 

 18095, BEAM  ,    3,     3,  8095,  9095,     0,     0 

 101100, BEAM  ,    2,    45, 101101, 101100, -17.6,     0 

 101101, BEAM  ,    3,    12, 101101, 101102,  17.6,     0 

 101102, BEAM  ,    3,   131, 101102, 101103,  17.6,     0 

 101103, BEAM  ,    3,   132, 101103, 101104,  17.6,     0 

 101110, BEAM  ,    3,   173, 101111, 101110,     0,     0 

 101111, BEAM  ,    3,   171, 101115, 101111,     0,     0 

 101115, BEAM  ,    1,     1, 101104, 101115,     0,     0 

 101130, BEAM  ,    3,   174, 101131, 101130,     0,     0 

 101131, BEAM  ,    3,   171, 101135, 101131,     0,     0 

 101135, BEAM  ,    1,     1, 101104, 101135,     0,     0 

 101140, BEAM  ,    3,   174, 101141, 101140,     0,     0 

 101141, BEAM  ,    3,   172, 101145, 101141,     0,     0 

 101145, BEAM  ,    1,     1, 101104, 101145,     0,     0 

 101200, BEAM  ,    2,    45, 101201, 101200, -17.6,     0 

 101201, BEAM  ,    3,    12, 101201, 101202,  17.6,     0 

 101202, BEAM  ,    3,   131, 101202, 101203,  17.6,     0 

 101203, BEAM  ,    3,   132, 101203, 101204,  17.6,     0 

 101220, BEAM  ,    3,   173, 101221, 101220,     0,     0 

 101221, BEAM  ,    3,   171, 101225, 101221,     0,     0 

 101225, BEAM  ,    1,     1, 101204, 101225,     0,     0 

 101230, BEAM  ,    3,   174, 101231, 101230,     0,     0 

 101231, BEAM  ,    3,   171, 101235, 101231,     0,     0 

 101235, BEAM  ,    1,     1, 101204, 101235,     0,     0 

 101240, BEAM  ,    3,   174, 101241, 101240,     0,     0 

 101241, BEAM  ,    3,   172, 101245, 101241,     0,     0 

 101245, BEAM  ,    1,     1, 101204, 101245,     0,     0 

 102100, BEAM  ,    2,    46, 102101, 102100, -12.5,     0 

 102101, BEAM  ,    3,    13, 102101, 102102,  12.5,     0 

 102102, BEAM  ,    3,   131, 102102, 102103,  12.5,     0 

 102103, BEAM  ,    3,   132, 102103, 102104,  12.5,     0 

 102110, BEAM  ,    3,   173, 102111, 102110,     0,     0 

 102111, BEAM  ,    3,   171, 102115, 102111,     0,     0 

 102115, BEAM  ,    1,     1, 102104, 102115,     0,     0 

 102120, BEAM  ,    3,   173, 102121, 102120,     0,     0 

 102121, BEAM  ,    3,   171, 102125, 102121,     0,     0 

 102125, BEAM  ,    1,     1, 102104, 102125,     0,     0 

 102130, BEAM  ,    3,   174, 102131, 102130,     0,     0 

 102131, BEAM  ,    3,   172, 102135, 102131,     0,     0 

 102135, BEAM  ,    1,     1, 102104, 102135,     0,     0 

 102140, BEAM  ,    3,   174, 102141, 102140,     0,     0 

 102141, BEAM  ,    3,   172, 102145, 102141,     0,     0 

 102145, BEAM  ,    1,     1, 102104, 102145,     0,     0 

 102200, BEAM  ,    2,    46, 102201, 102200, -12.5,     0 
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 102201, BEAM  ,    3,    13, 102201, 102202,  12.5,     0 

 102202, BEAM  ,    3,   131, 102202, 102203,  12.5,     0 

 102203, BEAM  ,    3,   132, 102203, 102204,  12.5,     0 

 102210, BEAM  ,    3,   173, 102211, 102210,     0,     0 

 102211, BEAM  ,    3,   171, 102215, 102211,     0,     0 

 102215, BEAM  ,    1,     1, 102204, 102215,     0,     0 

 102220, BEAM  ,    3,   173, 102221, 102220,     0,     0 

 102221, BEAM  ,    3,   171, 102225, 102221,     0,     0 

 102225, BEAM  ,    1,     1, 102204, 102225,     0,     0 

 102230, BEAM  ,    3,   174, 102231, 102230,     0,     0 

 102231, BEAM  ,    3,   172, 102235, 102231,     0,     0 

 102235, BEAM  ,    1,     1, 102204, 102235,     0,     0 

 102240, BEAM  ,    3,   174, 102241, 102240,     0,     0 

 102241, BEAM  ,    3,   172, 102245, 102241,     0,     0 

 102245, BEAM  ,    1,     1, 102204, 102245,     0,     0 

 103000, BEAM  ,    2,    45, 103001, 103000,  -7.3,     0 

 103001, BEAM  ,    3,    12, 103001, 103002,   7.3,     0 

 103002, BEAM  ,    3,    31, 103002, 103003,   7.3,     0 

 103003, BEAM  ,    3,    32, 103003, 103004,   7.3,     0 

 103010, BEAM  ,    3,   173, 103011, 103010,     0,     0 

 103011, BEAM  ,    3,   171, 103015, 103011,     0,     0 

 103015, BEAM  ,    1,     1, 103004, 103015,     0,     0 

 103020, BEAM  ,    3,   173, 103021, 103020,     0,     0 

 103021, BEAM  ,    3,   171, 103025, 103021,     0,     0 

 103025, BEAM  ,    1,     1, 103004, 103025,     0,     0 

 103030, BEAM  ,    3,    73, 103004, 103030,   7.3,     0 

 104000, BEAM  ,    2,    43, 104002, 104000,    -3,     0 

 104002, BEAM  ,    3,    31, 104002, 104003,     3,     0 

 104003, BEAM  ,    3,    32, 104003, 104004,     3,     0 

 104010, BEAM  ,    3,   173, 104011, 104010,     0,     0 

 104011, BEAM  ,    3,   171, 104015, 104011,     0,     0 

 104015, BEAM  ,    1,     1, 104004, 104015,     0,     0 

 104020, BEAM  ,    3,   173, 104021, 104020,     0,     0 

 104021, BEAM  ,    3,   171, 104025, 104021,     0,     0 

 104025, BEAM  ,    1,     1, 104004, 104025,     0,     0 

 104030, BEAM  ,    3,    73, 104004, 104030,     3,     0 

 105000, BEAM  ,    2,    44, 105001, 105000,   0.8,     0 

 105001, BEAM  ,    3,    12, 105001, 105002,  -0.8,     0 

 105002, BEAM  ,    3,    31, 105002, 105003,  -0.8,     0 

 105003, BEAM  ,    3,    32, 105003, 105004,  -0.8,     0 

 105010, BEAM  ,    3,   173, 105011, 105010,     0,     0 

 105011, BEAM  ,    3,   171, 105015, 105011,     0,     0 

 105015, BEAM  ,    1,     1, 105004, 105015,     0,     0 

 105020, BEAM  ,    3,   173, 105021, 105020,     0,     0 

 105021, BEAM  ,    3,   171, 105025, 105021,     0,     0 

 105025, BEAM  ,    1,     1, 105004, 105025,     0,     0 

 105030, BEAM  ,    3,    73, 105004, 105030,  -0.8,     0 

 106100, BEAM  ,    2,    44, 106101, 106100,     6,     0 

 106101, BEAM  ,    3,    10, 106101, 106102,    -6,     0 

 106102, BEAM  ,    3,   131, 106102, 106103,    -6,     0 

 106103, BEAM  ,    3,   132, 106103, 106104,    -6,     0 

 106110, BEAM  ,    3,   173, 106111, 106110,     0,     0 

 106111, BEAM  ,    3,   171, 106115, 106111,     0,     0 

 106115, BEAM  ,    1,     1, 106104, 106115,     0,     0 

 106120, BEAM  ,    3,   173, 106121, 106120,     0,     0 

 106121, BEAM  ,    3,   171, 106125, 106121,     0,     0 

 106125, BEAM  ,    1,     1, 106104, 106125,     0,     0 

 106130, BEAM  ,    3,   174, 106131, 106130,     0,     0 

 106131, BEAM  ,    3,   172, 106135, 106131,     0,     0 

 106135, BEAM  ,    1,     1, 106104, 106135,     0,     0 

 106140, BEAM  ,    3,   174, 106141, 106140,     0,     0 

 106141, BEAM  ,    3,   172, 106145, 106141,     0,     0 

 106145, BEAM  ,    1,     1, 106104, 106145,     0,     0 

 106200, BEAM  ,    2,    44, 106201, 106200,     6,     0 

 106201, BEAM  ,    3,    10, 106201, 106202,    -6,     0 

 106202, BEAM  ,    3,   131, 106202, 106203,    -6,     0 

 106203, BEAM  ,    3,   132, 106203, 106204,    -6,     0 

 106210, BEAM  ,    3,   173, 106211, 106210,     0,     0 
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 106211, BEAM  ,    3,   171, 106215, 106211,     0,     0 

 106215, BEAM  ,    1,     1, 106204, 106215,     0,     0 

 106220, BEAM  ,    3,   173, 106221, 106220,     0,     0 

 106221, BEAM  ,    3,   171, 106225, 106221,     0,     0 

 106225, BEAM  ,    1,     1, 106204, 106225,     0,     0 

 106230, BEAM  ,    3,   174, 106231, 106230,     0,     0 

 106231, BEAM  ,    3,   172, 106235, 106231,     0,     0 

 106235, BEAM  ,    1,     1, 106204, 106235,     0,     0 

 106240, BEAM  ,    3,   174, 106241, 106240,     0,     0 

 106241, BEAM  ,    3,   172, 106245, 106241,     0,     0 

 106245, BEAM  ,    1,     1, 106204, 106245,     0,     0 

 107102, BEAM  ,    3,   133, 107100, 107103, -11.1,     0 

 107103, BEAM  ,    3,   132, 107103, 107104, -11.1,     0 

 107110, BEAM  ,    3,   173, 107111, 107110,     0,     0 

 107111, BEAM  ,    3,   171, 107115, 107111,     0,     0 

 107115, BEAM  ,    1,     1, 107104, 107115,     0,     0 

 107130, BEAM  ,    3,   174, 107131, 107130,     0,     0 

 107131, BEAM  ,    3,   171, 107135, 107131,     0,     0 

 107135, BEAM  ,    1,     1, 107104, 107135,     0,     0 

 107140, BEAM  ,    3,   174, 107141, 107140,     0,     0 

 107141, BEAM  ,    3,   172, 107145, 107141,     0,     0 

 107145, BEAM  ,    1,     1, 107104, 107145,     0,     0 

 107202, BEAM  ,    3,   133, 107200, 107203, -11.1,     0 

 107203, BEAM  ,    3,   132, 107203, 107204, -11.1,     0 

 107220, BEAM  ,    3,   173, 107221, 107220,     0,     0 

 107221, BEAM  ,    3,   171, 107225, 107221,     0,     0 

 107225, BEAM  ,    1,     1, 107204, 107225,     0,     0 

 107230, BEAM  ,    3,   174, 107231, 107230,     0,     0 

 107231, BEAM  ,    3,   171, 107235, 107231,     0,     0 

 107235, BEAM  ,    1,     1, 107204, 107235,     0,     0 

 107240, BEAM  ,    3,   174, 107241, 107240,     0,     0 

 107241, BEAM  ,    3,   172, 107245, 107241,     0,     0 

 107245, BEAM  ,    1,     1, 107204, 107245,     0,     0 

 108103, BEAM  ,    3,   134, 108100, 108104, -16.2,     0 

 108110, BEAM  ,    3,   173, 108111, 108110,     0,     0 

 108111, BEAM  ,    3,   171, 108115, 108111,     0,     0 

 108115, BEAM  ,    1,     1, 108104, 108115,     0,     0 

 108120, BEAM  ,    3,   173, 108121, 108120,     0,     0 

 108121, BEAM  ,    3,   171, 108125, 108121,     0,     0 

 108125, BEAM  ,    1,     1, 108104, 108125,     0,     0 

 108130, BEAM  ,    3,   174, 108131, 108130,     0,     0 

 108131, BEAM  ,    3,   172, 108135, 108131,     0,     0 

 108135, BEAM  ,    1,     1, 108104, 108135,     0,     0 

 108140, BEAM  ,    3,   174, 108141, 108140,     0,     0 

 108141, BEAM  ,    3,   172, 108145, 108141,     0,     0 

 108145, BEAM  ,    1,     1, 108104, 108145,     0,     0 

 108203, BEAM  ,    3,   134, 108200, 108204, -16.2,     0 

 108210, BEAM  ,    3,   173, 108211, 108210,     0,     0 

 108211, BEAM  ,    3,   171, 108215, 108211,     0,     0 

 108215, BEAM  ,    1,     1, 108204, 108215,     0,     0 

 108220, BEAM  ,    3,   173, 108221, 108220,     0,     0 

 108221, BEAM  ,    3,   171, 108225, 108221,     0,     0 

 108225, BEAM  ,    1,     1, 108204, 108225,     0,     0 

 108230, BEAM  ,    3,   174, 108231, 108230,     0,     0 

 108231, BEAM  ,    3,   172, 108235, 108231,     0,     0 

 108235, BEAM  ,    1,     1, 108204, 108235,     0,     0 

 108240, BEAM  ,    3,   174, 108241, 108240,     0,     0 

 108241, BEAM  ,    3,   172, 108245, 108241,     0,     0 

 108245, BEAM  ,    1,     1, 108204, 108245,     0,     0 

 109000, BEAM  ,    2,    55, 109002, 109000,  18.8,     0 

 109003, BEAM  ,    3,    35, 109002, 109004, -18.8,     0 

 109010, BEAM  ,    3,   173, 109011, 109010,     0,     0 

 109011, BEAM  ,    3,   171, 109015, 109011,     0,     0 

 109015, BEAM  ,    1,     1, 109004, 109015,     0,     0 

 109020, BEAM  ,    3,   173, 109021, 109020,     0,     0 

 109021, BEAM  ,    3,   171, 109025, 109021,     0,     0 

 109025, BEAM  ,    1,     1, 109004, 109025,     0,     0 

 109030, BEAM  ,    3,    73, 109004, 109030, -18.8,     0 
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 111100, BEAM  ,    2,    62, 101100, 111101, -17.6,     0 

 111101, BEAM  ,    2,    62, 111101, 111102, -17.6,     0 

 111102, BEAM  ,    2,    64, 111102, 111103,     0,     0 

 111103, BEAM  ,    2,    64, 111103, 111104,     0,     0 

 111104, BEAM  ,    2,    64, 111104, 111105,     0,     0 

 111105, BEAM  ,    2,    64, 111105, 111106,     0,     0 

 111106, BEAM  ,    2,    64, 111106, 111107,     0,     0 

 111107, BEAM  ,    2,    64, 111107, 111108,     0,     0 

 111108, BEAM  ,    2,    64, 111108, 111109,     0,     0 

 111109, BEAM  ,    2,    64, 111109, 111110,     0,     0 

 111110, BEAM  ,    2,    64, 111110, 111111,     0,     0 

 111111, BEAM  ,    2,    64, 111111, 111112,     0,     0 

 111112, BEAM  ,    2,    64, 111112, 111113,     0,     0 

 111113, BEAM  ,    2,    64, 111113, 111114,     0,     0 

 111114, BEAM  ,    2,    64, 111114, 111115,     0,     0 

 111115, BEAM  ,    2,    64, 111115, 111116,     0,     0 

 111116, BEAM  ,    2,    64, 111116, 111117,     0,     0 

 111117, BEAM  ,    2,    64, 111117, 111118,     0,     0 

 111118, BEAM  ,    2,    64, 111118, 111119,     0,     0 

 111119, BEAM  ,    2,    64, 111119, 111120,     0,     0 

 111120, BEAM  ,    2,    64, 111120, 111121,     0,     0 

 111121, BEAM  ,    2,    64, 111121, 111122,     0,     0 

 111122, BEAM  ,    2,    64, 111122, 111123,     0,     0 

 111123, BEAM  ,    2,    64, 111123, 111124,     0,     0 

 111124, BEAM  ,    2,    64, 111124, 111125,     0,     0 

 111125, BEAM  ,    2,    64, 111125, 111126,     0,     0 

 111126, BEAM  ,    2,    64, 111126, 111127,     0,     0 

 111127, BEAM  ,    2,    64, 111127, 111128,     0,     0 

 111128, BEAM  ,    2,    64, 111128, 111129,     0,     0 

 111129, BEAM  ,    2,    64, 111129, 111130,     0,     0 

 111130, BEAM  ,    2,    64, 111130, 111131,     0,     0 

 111131, BEAM  ,    2,    64, 111131, 111132,     0,     0 

 111132, BEAM  ,    2,    64, 111132, 111133,     0,     0 

 111133, BEAM  ,    2,    64, 111133, 111134,     0,     0 

 111134, BEAM  ,    2,    64, 111134, 111135,     0,     0 

 111135, BEAM  ,    2,    64, 111135, 111136,     0,     0 

 111136, BEAM  ,    2,    64, 111136, 111137,     0,     0 

 111137, BEAM  ,    2,    64, 111137, 111138,     0,     0 

 111138, BEAM  ,    2,    64, 111138, 111139,     0,     0 

 111139, BEAM  ,    2,    64, 111139, 111140,     0,     0 

 111140, BEAM  ,    2,    64, 111140, 111141,     0,     0 

 111141, BEAM  ,    2,    64, 111141, 111142,     0,     0 

 111142, BEAM  ,    2,    64, 111142, 111143,     0,     0 

 111143, BEAM  ,    2,    64, 111143, 111144,     0,     0 

 111144, BEAM  ,    2,    64, 111144, 111145,     0,     0 

 111145, BEAM  ,    2,    64, 111145, 111146,     0,     0 

 111200, BEAM  ,    2,    62, 101200, 111201, -17.6,     0 

 111201, BEAM  ,    2,    62, 111201, 111202, -17.6,     0 

 111202, BEAM  ,    2,    64, 111202, 111203,     0,     0 

 111203, BEAM  ,    2,    64, 111203, 111204,     0,     0 

 111204, BEAM  ,    2,    64, 111204, 111205,     0,     0 

 111205, BEAM  ,    2,    64, 111205, 111206,     0,     0 

 111206, BEAM  ,    2,    64, 111206, 111207,     0,     0 

 111207, BEAM  ,    2,    64, 111207, 111208,     0,     0 

 111208, BEAM  ,    2,    64, 111208, 111209,     0,     0 

 111209, BEAM  ,    2,    64, 111209, 111210,     0,     0 

 111210, BEAM  ,    2,    64, 111210, 111211,     0,     0 

 111211, BEAM  ,    2,    64, 111211, 111212,     0,     0 

 111212, BEAM  ,    2,    64, 111212, 111213,     0,     0 

 111213, BEAM  ,    2,    64, 111213, 111214,     0,     0 

 111214, BEAM  ,    2,    64, 111214, 111215,     0,     0 

 111215, BEAM  ,    2,    64, 111215, 111216,     0,     0 

 111216, BEAM  ,    2,    64, 111216, 111217,     0,     0 

 111217, BEAM  ,    2,    64, 111217, 111218,     0,     0 

 111218, BEAM  ,    2,    64, 111218, 111219,     0,     0 

 111219, BEAM  ,    2,    64, 111219, 111220,     0,     0 

 111220, BEAM  ,    2,    64, 111220, 111221,     0,     0 

 111221, BEAM  ,    2,    64, 111221, 111222,     0,     0 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 37 DE 708 

 

 

 111222, BEAM  ,    2,    64, 111222, 111223,     0,     0 

 111223, BEAM  ,    2,    64, 111223, 111224,     0,     0 

 111224, BEAM  ,    2,    64, 111224, 111225,     0,     0 

 111225, BEAM  ,    2,    64, 111225, 111226,     0,     0 

 111226, BEAM  ,    2,    64, 111226, 111227,     0,     0 

 111227, BEAM  ,    2,    64, 111227, 111228,     0,     0 

 111228, BEAM  ,    2,    64, 111228, 111229,     0,     0 

 111229, BEAM  ,    2,    64, 111229, 111230,     0,     0 

 111230, BEAM  ,    2,    64, 111230, 111231,     0,     0 

 111231, BEAM  ,    2,    64, 111231, 111232,     0,     0 

 111232, BEAM  ,    2,    64, 111232, 111233,     0,     0 

 111233, BEAM  ,    2,    64, 111233, 111234,     0,     0 

 111234, BEAM  ,    2,    64, 111234, 111235,     0,     0 

 111235, BEAM  ,    2,    64, 111235, 111236,     0,     0 

 111236, BEAM  ,    2,    64, 111236, 111237,     0,     0 

 111237, BEAM  ,    2,    64, 111237, 111238,     0,     0 

 111238, BEAM  ,    2,    64, 111238, 111239,     0,     0 

 111239, BEAM  ,    2,    64, 111239, 111240,     0,     0 

 111240, BEAM  ,    2,    64, 111240, 111241,     0,     0 

 111241, BEAM  ,    2,    64, 111241, 111242,     0,     0 

 111242, BEAM  ,    2,    64, 111242, 111243,     0,     0 

 111243, BEAM  ,    2,    64, 111243, 111244,     0,     0 

 111244, BEAM  ,    2,    64, 111244, 111245,     0,     0 

 111245, BEAM  ,    2,    64, 111245, 111246,     0,     0 

 112000, BEAM  ,    2,    65, 112101, 112201,     0,     0 

 112100, BEAM  ,    2,    62, 102100, 112101, -12.5,     0 

 112101, BEAM  ,    2,    62, 112101, 112102, -12.5,     0 

 112102, BEAM  ,    2,    64, 112102, 112103,     0,     0 

 112103, BEAM  ,    2,    64, 112103, 112104,     0,     0 

 112104, BEAM  ,    2,    64, 112104, 112105,     0,     0 

 112105, BEAM  ,    2,    64, 112105, 112106,     0,     0 

 112106, BEAM  ,    2,    64, 112106, 112107,     0,     0 

 112107, BEAM  ,    2,    64, 112107, 112108,     0,     0 

 112108, BEAM  ,    2,    64, 112108, 112109,     0,     0 

 112109, BEAM  ,    2,    64, 112109, 112110,     0,     0 

 112110, BEAM  ,    2,    64, 112110, 112111,     0,     0 

 112111, BEAM  ,    2,    64, 112111, 112112,     0,     0 

 112112, BEAM  ,    2,    64, 112112, 112113,     0,     0 

 112113, BEAM  ,    2,    64, 112113, 112114,     0,     0 

 112114, BEAM  ,    2,    64, 112114, 112115,     0,     0 

 112115, BEAM  ,    2,    64, 112115, 112116,     0,     0 

 112116, BEAM  ,    2,    64, 112116, 112117,     0,     0 

 112117, BEAM  ,    2,    64, 112117, 112118,     0,     0 

 112118, BEAM  ,    2,    64, 112118, 112119,     0,     0 

 112119, BEAM  ,    2,    64, 112119, 112120,     0,     0 

 112120, BEAM  ,    2,    64, 112120, 112121,     0,     0 

 112121, BEAM  ,    2,    64, 112121, 112122,     0,     0 

 112122, BEAM  ,    2,    64, 112122, 112123,     0,     0 

 112123, BEAM  ,    2,    64, 112123, 112124,     0,     0 

 112124, BEAM  ,    2,    64, 112124, 112125,     0,     0 

 112125, BEAM  ,    2,    64, 112125, 112126,     0,     0 

 112126, BEAM  ,    2,    64, 112126, 112127,     0,     0 

 112127, BEAM  ,    2,    64, 112127, 112128,     0,     0 

 112128, BEAM  ,    2,    64, 112128, 112129,     0,     0 

 112129, BEAM  ,    2,    64, 112129, 112130,     0,     0 

 112130, BEAM  ,    2,    64, 112130, 112131,     0,     0 

 112131, BEAM  ,    2,    64, 112131, 112132,     0,     0 

 112132, BEAM  ,    2,    64, 112132, 112133,     0,     0 

 112133, BEAM  ,    2,    64, 112133, 112134,     0,     0 

 112134, BEAM  ,    2,    64, 112134, 112135,     0,     0 

 112135, BEAM  ,    2,    64, 112135, 112136,     0,     0 

 112136, BEAM  ,    2,    64, 112136, 112137,     0,     0 

 112137, BEAM  ,    2,    64, 112137, 112138,     0,     0 

 112138, BEAM  ,    2,    64, 112138, 112139,     0,     0 

 112139, BEAM  ,    2,    64, 112139, 112140,     0,     0 

 112140, BEAM  ,    2,    64, 112140, 112141,     0,     0 

 112141, BEAM  ,    2,    64, 112141, 112142,     0,     0 

 112200, BEAM  ,    2,    62, 102200, 112201, -12.5,     0 
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 112201, BEAM  ,    2,    62, 112201, 112202, -12.5,     0 

 112202, BEAM  ,    2,    64, 112202, 112203,     0,     0 

 112203, BEAM  ,    2,    64, 112203, 112204,     0,     0 

 112204, BEAM  ,    2,    64, 112204, 112205,     0,     0 

 112205, BEAM  ,    2,    64, 112205, 112206,     0,     0 

 112206, BEAM  ,    2,    64, 112206, 112207,     0,     0 

 112207, BEAM  ,    2,    64, 112207, 112208,     0,     0 

 112208, BEAM  ,    2,    64, 112208, 112209,     0,     0 

 112209, BEAM  ,    2,    64, 112209, 112210,     0,     0 

 112210, BEAM  ,    2,    64, 112210, 112211,     0,     0 

 112211, BEAM  ,    2,    64, 112211, 112212,     0,     0 

 112212, BEAM  ,    2,    64, 112212, 112213,     0,     0 

 112213, BEAM  ,    2,    64, 112213, 112214,     0,     0 

 112214, BEAM  ,    2,    64, 112214, 112215,     0,     0 

 112215, BEAM  ,    2,    64, 112215, 112216,     0,     0 

 112216, BEAM  ,    2,    64, 112216, 112217,     0,     0 

 112217, BEAM  ,    2,    64, 112217, 112218,     0,     0 

 112218, BEAM  ,    2,    64, 112218, 112219,     0,     0 

 112219, BEAM  ,    2,    64, 112219, 112220,     0,     0 

 112220, BEAM  ,    2,    64, 112220, 112221,     0,     0 

 112221, BEAM  ,    2,    64, 112221, 112222,     0,     0 

 112222, BEAM  ,    2,    64, 112222, 112223,     0,     0 

 112223, BEAM  ,    2,    64, 112223, 112224,     0,     0 

 112224, BEAM  ,    2,    64, 112224, 112225,     0,     0 

 112225, BEAM  ,    2,    64, 112225, 112226,     0,     0 

 112226, BEAM  ,    2,    64, 112226, 112227,     0,     0 

 112227, BEAM  ,    2,    64, 112227, 112228,     0,     0 

 112228, BEAM  ,    2,    64, 112228, 112229,     0,     0 

 112229, BEAM  ,    2,    64, 112229, 112230,     0,     0 

 112230, BEAM  ,    2,    64, 112230, 112231,     0,     0 

 112231, BEAM  ,    2,    64, 112231, 112232,     0,     0 

 112232, BEAM  ,    2,    64, 112232, 112233,     0,     0 

 112233, BEAM  ,    2,    64, 112233, 112234,     0,     0 

 112234, BEAM  ,    2,    64, 112234, 112235,     0,     0 

 112235, BEAM  ,    2,    64, 112235, 112236,     0,     0 

 112236, BEAM  ,    2,    64, 112236, 112237,     0,     0 

 112237, BEAM  ,    2,    64, 112237, 112238,     0,     0 

 112238, BEAM  ,    2,    64, 112238, 112239,     0,     0 

 112239, BEAM  ,    2,    64, 112239, 112240,     0,     0 

 112240, BEAM  ,    2,    64, 112240, 112241,     0,     0 

 112241, BEAM  ,    2,    64, 112241, 112242,     0,     0 

 113000, BEAM  ,    2,    62, 103000, 113001,  -7.3,     0 

 113001, BEAM  ,    2,    62, 113001, 113002,  -7.3,     0 

 113002, BEAM  ,    2,    64, 113002, 113003,     0,     0 

 113003, BEAM  ,    2,    64, 113003, 113004,     0,     0 

 113004, BEAM  ,    2,    64, 113004, 113005,     0,     0 

 113005, BEAM  ,    2,    64, 113005, 113006,     0,     0 

 113006, BEAM  ,    2,    64, 113006, 113007,     0,     0 

 113007, BEAM  ,    2,    64, 113007, 113008,     0,     0 

 113008, BEAM  ,    2,    64, 113008, 113009,     0,     0 

 113009, BEAM  ,    2,    64, 113009, 113010,     0,     0 

 113010, BEAM  ,    2,    64, 113010, 113011,     0,     0 

 113011, BEAM  ,    2,    64, 113011, 113012,     0,     0 

 113012, BEAM  ,    2,    64, 113012, 113013,     0,     0 

 113013, BEAM  ,    2,    64, 113013, 113014,     0,     0 

 113014, BEAM  ,    2,    64, 113014, 113015,     0,     0 

 113015, BEAM  ,    2,    64, 113015, 113016,     0,     0 

 113016, BEAM  ,    2,    64, 113016, 113017,     0,     0 

 113017, BEAM  ,    2,    64, 113017, 113018,     0,     0 

 113018, BEAM  ,    2,    64, 113018, 113019,     0,     0 

 113019, BEAM  ,    2,    64, 113019, 113020,     0,     0 

 113020, BEAM  ,    2,    64, 113020, 113021,     0,     0 

 113021, BEAM  ,    2,    64, 113021, 113022,     0,     0 

 113022, BEAM  ,    2,    64, 113022, 113023,     0,     0 

 113023, BEAM  ,    2,    64, 113023, 113024,     0,     0 

 113024, BEAM  ,    2,    64, 113024, 113025,     0,     0 

 113025, BEAM  ,    2,    64, 113025, 113026,     0,     0 

 113026, BEAM  ,    2,    64, 113026, 113027,     0,     0 
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 113027, BEAM  ,    2,    64, 113027, 113028,     0,     0 

 113028, BEAM  ,    2,    64, 113028, 113029,     0,     0 

 113029, BEAM  ,    2,    64, 113029, 113030,     0,     0 

 113030, BEAM  ,    2,    64, 113030, 113031,     0,     0 

 113031, BEAM  ,    2,    64, 113031, 113032,     0,     0 

 113032, BEAM  ,    2,    64, 113032, 113033,     0,     0 

 113033, BEAM  ,    2,    64, 113033, 113034,     0,     0 

 113034, BEAM  ,    2,    64, 113034, 113035,     0,     0 

 113035, BEAM  ,    2,    64, 113035, 113036,     0,     0 

 113036, BEAM  ,    2,    64, 113036, 113037,     0,     0 

 114000, BEAM  ,    2,    62, 104000, 114001,    -3,     0 

 114001, BEAM  ,    2,    62, 114001, 114002,    -3,     0 

 114002, BEAM  ,    2,    64, 114002, 114003,     0,     0 

 114003, BEAM  ,    2,    64, 114003, 114004,     0,     0 

 114004, BEAM  ,    2,    64, 114004, 114005,     0,     0 

 114005, BEAM  ,    2,    64, 114005, 114006,     0,     0 

 114006, BEAM  ,    2,    64, 114006, 114007,     0,     0 

 114007, BEAM  ,    2,    64, 114007, 114008,     0,     0 

 114008, BEAM  ,    2,    64, 114008, 114009,     0,     0 

 114009, BEAM  ,    2,    64, 114009, 114010,     0,     0 

 114010, BEAM  ,    2,    64, 114010, 114011,     0,     0 

 114011, BEAM  ,    2,    64, 114011, 114012,     0,     0 

 114012, BEAM  ,    2,    64, 114012, 114013,     0,     0 

 114013, BEAM  ,    2,    64, 114013, 114014,     0,     0 

 114014, BEAM  ,    2,    64, 114014, 114015,     0,     0 

 114015, BEAM  ,    2,    64, 114015, 114016,     0,     0 

 114016, BEAM  ,    2,    64, 114016, 114017,     0,     0 

 114017, BEAM  ,    2,    64, 114017, 114018,     0,     0 

 114018, BEAM  ,    2,    64, 114018, 114019,     0,     0 

 114019, BEAM  ,    2,    64, 114019, 114020,     0,     0 

 114020, BEAM  ,    2,    64, 114020, 114021,     0,     0 

 114021, BEAM  ,    2,    64, 114021, 114022,     0,     0 

 114022, BEAM  ,    2,    64, 114022, 114023,     0,     0 

 114023, BEAM  ,    2,    64, 114023, 114024,     0,     0 

 114024, BEAM  ,    2,    64, 114024, 114025,     0,     0 

 114025, BEAM  ,    2,    64, 114025, 114026,     0,     0 

 114026, BEAM  ,    2,    64, 114026, 114027,     0,     0 

 114027, BEAM  ,    2,    64, 114027, 114028,     0,     0 

 114028, BEAM  ,    2,    64, 114028, 114029,     0,     0 

 114029, BEAM  ,    2,    64, 114029, 114030,     0,     0 

 114030, BEAM  ,    2,    64, 114030, 114031,     0,     0 

 114031, BEAM  ,    2,    64, 114031, 114032,     0,     0 

 114032, BEAM  ,    2,    64, 114032, 114033,     0,     0 

 114033, BEAM  ,    2,    64, 114033, 114034,     0,     0 

 114034, BEAM  ,    2,    64, 114034, 114035,     0,     0 

 114035, BEAM  ,    2,    64, 114035, 114036,     0,     0 

 115000, BEAM  ,    2,    62, 105000, 115001,   0.8,     0 

 115001, BEAM  ,    2,    62, 115001, 115002,   0.8,     0 

 115002, BEAM  ,    2,    64, 115002, 115003,     0,     0 

 115003, BEAM  ,    2,    64, 115003, 115004,     0,     0 

 115004, BEAM  ,    2,    64, 115004, 115005,     0,     0 

 115005, BEAM  ,    2,    64, 115005, 115006,     0,     0 

 115006, BEAM  ,    2,    64, 115006, 115007,     0,     0 

 115007, BEAM  ,    2,    64, 115007, 115008,     0,     0 

 115008, BEAM  ,    2,    64, 115008, 115009,     0,     0 

 115009, BEAM  ,    2,    64, 115009, 115010,     0,     0 

 115010, BEAM  ,    2,    64, 115010, 115011,     0,     0 

 115011, BEAM  ,    2,    64, 115011, 115012,     0,     0 

 115012, BEAM  ,    2,    64, 115012, 115013,     0,     0 

 115013, BEAM  ,    2,    64, 115013, 115014,     0,     0 

 115014, BEAM  ,    2,    64, 115014, 115015,     0,     0 

 115015, BEAM  ,    2,    64, 115015, 115016,     0,     0 

 115016, BEAM  ,    2,    64, 115016, 115017,     0,     0 

 115017, BEAM  ,    2,    64, 115017, 115018,     0,     0 

 115018, BEAM  ,    2,    64, 115018, 115019,     0,     0 

 115019, BEAM  ,    2,    64, 115019, 115020,     0,     0 

 115020, BEAM  ,    2,    64, 115020, 115021,     0,     0 

 115021, BEAM  ,    2,    64, 115021, 115022,     0,     0 
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 115022, BEAM  ,    2,    64, 115022, 115023,     0,     0 

 115023, BEAM  ,    2,    64, 115023, 115024,     0,     0 

 115024, BEAM  ,    2,    64, 115024, 115025,     0,     0 

 115025, BEAM  ,    2,    64, 115025, 115026,     0,     0 

 115026, BEAM  ,    2,    64, 115026, 115027,     0,     0 

 115027, BEAM  ,    2,    64, 115027, 115028,     0,     0 

 115028, BEAM  ,    2,    64, 115028, 115029,     0,     0 

 115029, BEAM  ,    2,    64, 115029, 115030,     0,     0 

 115030, BEAM  ,    2,    64, 115030, 115031,     0,     0 

 115031, BEAM  ,    2,    64, 115031, 115032,     0,     0 

 115032, BEAM  ,    2,    64, 115032, 115033,     0,     0 

 116000, BEAM  ,    2,    65, 116101, 116201,     0,     0 

 116100, BEAM  ,    2,    62, 106100, 116101,     6,     0 

 116101, BEAM  ,    2,    62, 116101, 116102,     6,     0 

 116102, BEAM  ,    2,    64, 116102, 116103,     0,     0 

 116103, BEAM  ,    2,    64, 116103, 116104,     0,     0 

 116104, BEAM  ,    2,    64, 116104, 116105,     0,     0 

 116105, BEAM  ,    2,    64, 116105, 116106,     0,     0 

 116106, BEAM  ,    2,    64, 116106, 116107,     0,     0 

 116107, BEAM  ,    2,    64, 116107, 116108,     0,     0 

 116108, BEAM  ,    2,    64, 116108, 116109,     0,     0 

 116109, BEAM  ,    2,    64, 116109, 116110,     0,     0 

 116110, BEAM  ,    2,    64, 116110, 116111,     0,     0 

 116111, BEAM  ,    2,    64, 116111, 116112,     0,     0 

 116112, BEAM  ,    2,    64, 116112, 116113,     0,     0 

 116113, BEAM  ,    2,    64, 116113, 116114,     0,     0 

 116114, BEAM  ,    2,    64, 116114, 116115,     0,     0 

 116115, BEAM  ,    2,    64, 116115, 116116,     0,     0 

 116116, BEAM  ,    2,    64, 116116, 116117,     0,     0 

 116117, BEAM  ,    2,    64, 116117, 116118,     0,     0 

 116118, BEAM  ,    2,    64, 116118, 116119,     0,     0 

 116119, BEAM  ,    2,    64, 116119, 116120,     0,     0 

 116120, BEAM  ,    2,    64, 116120, 116121,     0,     0 

 116121, BEAM  ,    2,    64, 116121, 116122,     0,     0 

 116122, BEAM  ,    2,    64, 116122, 116123,     0,     0 

 116123, BEAM  ,    2,    64, 116123, 116124,     0,     0 

 116124, BEAM  ,    2,    64, 116124, 116125,     0,     0 

 116125, BEAM  ,    2,    64, 116125, 116126,     0,     0 

 116126, BEAM  ,    2,    64, 116126, 116127,     0,     0 

 116127, BEAM  ,    2,    64, 116127, 116128,     0,     0 

 116128, BEAM  ,    2,    64, 116128, 116129,     0,     0 

 116129, BEAM  ,    2,    64, 116129, 116130,     0,     0 

 116130, BEAM  ,    2,    64, 116130, 116131,     0,     0 

 116131, BEAM  ,    2,    64, 116131, 116132,     0,     0 

 116132, BEAM  ,    2,    64, 116132, 116133,     0,     0 

 116133, BEAM  ,    2,    64, 116133, 116134,     0,     0 

 116134, BEAM  ,    2,    64, 116134, 116135,     0,     0 

 116200, BEAM  ,    2,    62, 106200, 116201,     6,     0 

 116201, BEAM  ,    2,    62, 116201, 116202,     6,     0 

 116202, BEAM  ,    2,    64, 116202, 116203,     0,     0 

 116203, BEAM  ,    2,    64, 116203, 116204,     0,     0 

 116204, BEAM  ,    2,    64, 116204, 116205,     0,     0 

 116205, BEAM  ,    2,    64, 116205, 116206,     0,     0 

 116206, BEAM  ,    2,    64, 116206, 116207,     0,     0 

 116207, BEAM  ,    2,    64, 116207, 116208,     0,     0 

 116208, BEAM  ,    2,    64, 116208, 116209,     0,     0 

 116209, BEAM  ,    2,    64, 116209, 116210,     0,     0 

 116210, BEAM  ,    2,    64, 116210, 116211,     0,     0 

 116211, BEAM  ,    2,    64, 116211, 116212,     0,     0 

 116212, BEAM  ,    2,    64, 116212, 116213,     0,     0 

 116213, BEAM  ,    2,    64, 116213, 116214,     0,     0 

 116214, BEAM  ,    2,    64, 116214, 116215,     0,     0 

 116215, BEAM  ,    2,    64, 116215, 116216,     0,     0 

 116216, BEAM  ,    2,    64, 116216, 116217,     0,     0 

 116217, BEAM  ,    2,    64, 116217, 116218,     0,     0 

 116218, BEAM  ,    2,    64, 116218, 116219,     0,     0 

 116219, BEAM  ,    2,    64, 116219, 116220,     0,     0 

 116220, BEAM  ,    2,    64, 116220, 116221,     0,     0 
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 116221, BEAM  ,    2,    64, 116221, 116222,     0,     0 

 116222, BEAM  ,    2,    64, 116222, 116223,     0,     0 

 116223, BEAM  ,    2,    64, 116223, 116224,     0,     0 

 116224, BEAM  ,    2,    64, 116224, 116225,     0,     0 

 116225, BEAM  ,    2,    64, 116225, 116226,     0,     0 

 116226, BEAM  ,    2,    64, 116226, 116227,     0,     0 

 116227, BEAM  ,    2,    64, 116227, 116228,     0,     0 

 116228, BEAM  ,    2,    64, 116228, 116229,     0,     0 

 116229, BEAM  ,    2,    64, 116229, 116230,     0,     0 

 116230, BEAM  ,    2,    64, 116230, 116231,     0,     0 

 116231, BEAM  ,    2,    64, 116231, 116232,     0,     0 

 116232, BEAM  ,    2,    64, 116232, 116233,     0,     0 

 116233, BEAM  ,    2,    64, 116233, 116234,     0,     0 

 116234, BEAM  ,    2,    64, 116234, 116235,     0,     0 

 117100, BEAM  ,    2,    51, 107100, 117101,  11.1,     0 

 117101, BEAM  ,    2,    51, 117101, 117102,  11.1,     0 

 117102, BEAM  ,    2,    64, 117102, 117103,     0,     0 

 117103, BEAM  ,    2,    64, 117103, 117104,     0,     0 

 117104, BEAM  ,    2,    64, 117104, 117105,     0,     0 

 117105, BEAM  ,    2,    64, 117105, 117106,     0,     0 

 117106, BEAM  ,    2,    64, 117106, 117107,     0,     0 

 117107, BEAM  ,    2,    64, 117107, 117108,     0,     0 

 117108, BEAM  ,    2,    64, 117108, 117109,     0,     0 

 117109, BEAM  ,    2,    64, 117109, 117110,     0,     0 

 117110, BEAM  ,    2,    64, 117110, 117111,     0,     0 

 117111, BEAM  ,    2,    64, 117111, 117112,     0,     0 

 117112, BEAM  ,    2,    64, 117112, 117113,     0,     0 

 117113, BEAM  ,    2,    64, 117113, 117114,     0,     0 

 117114, BEAM  ,    2,    64, 117114, 117115,     0,     0 

 117115, BEAM  ,    2,    64, 117115, 117116,     0,     0 

 117116, BEAM  ,    2,    64, 117116, 117117,     0,     0 

 117117, BEAM  ,    2,    64, 117117, 117118,     0,     0 

 117118, BEAM  ,    2,    64, 117118, 117119,     0,     0 

 117119, BEAM  ,    2,    64, 117119, 117120,     0,     0 

 117120, BEAM  ,    2,    64, 117120, 117121,     0,     0 

 117121, BEAM  ,    2,    64, 117121, 117122,     0,     0 

 117122, BEAM  ,    2,    64, 117122, 117123,     0,     0 

 117123, BEAM  ,    2,    64, 117123, 117124,     0,     0 

 117124, BEAM  ,    2,    64, 117124, 117125,     0,     0 

 117125, BEAM  ,    2,    64, 117125, 117126,     0,     0 

 117126, BEAM  ,    2,    64, 117126, 117127,     0,     0 

 117127, BEAM  ,    2,    64, 117127, 117128,     0,     0 

 117128, BEAM  ,    2,    64, 117128, 117129,     0,     0 

 117129, BEAM  ,    2,    64, 117129, 117130,     0,     0 

 117130, BEAM  ,    2,    64, 117130, 117131,     0,     0 

 117131, BEAM  ,    2,    64, 117131, 117132,     0,     0 

 117132, BEAM  ,    2,    64, 117132, 117133,     0,     0 

 117133, BEAM  ,    2,    64, 117133, 117134,     0,     0 

 117134, BEAM  ,    2,    64, 117134, 117135,     0,     0 

 117135, BEAM  ,    2,    64, 117135, 117136,     0,     0 

 117136, BEAM  ,    2,    64, 117136, 117137,     0,     0 

 117137, BEAM  ,    2,    64, 117137, 117138,     0,     0 

 117200, BEAM  ,    2,    51, 107200, 117201,  11.1,     0 

 117201, BEAM  ,    2,    51, 117201, 117202,  11.1,     0 

 117202, BEAM  ,    2,    64, 117202, 117203,     0,     0 

 117203, BEAM  ,    2,    64, 117203, 117204,     0,     0 

 117204, BEAM  ,    2,    64, 117204, 117205,     0,     0 

 117205, BEAM  ,    2,    64, 117205, 117206,     0,     0 

 117206, BEAM  ,    2,    64, 117206, 117207,     0,     0 

 117207, BEAM  ,    2,    64, 117207, 117208,     0,     0 

 117208, BEAM  ,    2,    64, 117208, 117209,     0,     0 

 117209, BEAM  ,    2,    64, 117209, 117210,     0,     0 

 117210, BEAM  ,    2,    64, 117210, 117211,     0,     0 

 117211, BEAM  ,    2,    64, 117211, 117212,     0,     0 

 117212, BEAM  ,    2,    64, 117212, 117213,     0,     0 

 117213, BEAM  ,    2,    64, 117213, 117214,     0,     0 

 117214, BEAM  ,    2,    64, 117214, 117215,     0,     0 

 117215, BEAM  ,    2,    64, 117215, 117216,     0,     0 
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 117216, BEAM  ,    2,    64, 117216, 117217,     0,     0 

 117217, BEAM  ,    2,    64, 117217, 117218,     0,     0 

 117218, BEAM  ,    2,    64, 117218, 117219,     0,     0 

 117219, BEAM  ,    2,    64, 117219, 117220,     0,     0 

 117220, BEAM  ,    2,    64, 117220, 117221,     0,     0 

 117221, BEAM  ,    2,    64, 117221, 117222,     0,     0 

 117222, BEAM  ,    2,    64, 117222, 117223,     0,     0 

 117223, BEAM  ,    2,    64, 117223, 117224,     0,     0 

 117224, BEAM  ,    2,    64, 117224, 117225,     0,     0 

 117225, BEAM  ,    2,    64, 117225, 117226,     0,     0 

 117226, BEAM  ,    2,    64, 117226, 117227,     0,     0 

 117227, BEAM  ,    2,    64, 117227, 117228,     0,     0 

 117228, BEAM  ,    2,    64, 117228, 117229,     0,     0 

 117229, BEAM  ,    2,    64, 117229, 117230,     0,     0 

 117230, BEAM  ,    2,    64, 117230, 117231,     0,     0 

 117231, BEAM  ,    2,    64, 117231, 117232,     0,     0 

 117232, BEAM  ,    2,    64, 117232, 117233,     0,     0 

 117233, BEAM  ,    2,    64, 117233, 117234,     0,     0 

 117234, BEAM  ,    2,    64, 117234, 117235,     0,     0 

 117235, BEAM  ,    2,    64, 117235, 117236,     0,     0 

 117236, BEAM  ,    2,    64, 117236, 117237,     0,     0 

 117237, BEAM  ,    2,    64, 117237, 117238,     0,     0 

 118100, BEAM  ,    2,    51, 108100, 118101,  16.2,     0 

 118101, BEAM  ,    2,    51, 118101, 118102,  16.2,     0 

 118102, BEAM  ,    2,    64, 118102, 118103,     0,     0 

 118103, BEAM  ,    2,    64, 118103, 118104,     0,     0 

 118104, BEAM  ,    2,    64, 118104, 118105,     0,     0 

 118105, BEAM  ,    2,    64, 118105, 118106,     0,     0 

 118106, BEAM  ,    2,    64, 118106, 118107,     0,     0 

 118107, BEAM  ,    2,    64, 118107, 118108,     0,     0 

 118108, BEAM  ,    2,    64, 118108, 118109,     0,     0 

 118109, BEAM  ,    2,    64, 118109, 118110,     0,     0 

 118110, BEAM  ,    2,    64, 118110, 118111,     0,     0 

 118111, BEAM  ,    2,    64, 118111, 118112,     0,     0 

 118112, BEAM  ,    2,    64, 118112, 118113,     0,     0 

 118113, BEAM  ,    2,    64, 118113, 118114,     0,     0 

 118114, BEAM  ,    2,    64, 118114, 118115,     0,     0 

 118115, BEAM  ,    2,    64, 118115, 118116,     0,     0 

 118116, BEAM  ,    2,    64, 118116, 118117,     0,     0 

 118117, BEAM  ,    2,    64, 118117, 118118,     0,     0 

 118118, BEAM  ,    2,    64, 118118, 118119,     0,     0 

 118119, BEAM  ,    2,    64, 118119, 118120,     0,     0 

 118120, BEAM  ,    2,    64, 118120, 118121,     0,     0 

 118121, BEAM  ,    2,    64, 118121, 118122,     0,     0 

 118122, BEAM  ,    2,    64, 118122, 118123,     0,     0 

 118123, BEAM  ,    2,    64, 118123, 118124,     0,     0 

 118124, BEAM  ,    2,    64, 118124, 118125,     0,     0 

 118125, BEAM  ,    2,    64, 118125, 118126,     0,     0 

 118126, BEAM  ,    2,    64, 118126, 118127,     0,     0 

 118127, BEAM  ,    2,    64, 118127, 118128,     0,     0 

 118128, BEAM  ,    2,    64, 118128, 118129,     0,     0 

 118129, BEAM  ,    2,    64, 118129, 118130,     0,     0 

 118130, BEAM  ,    2,    64, 118130, 118131,     0,     0 

 118131, BEAM  ,    2,    64, 118131, 118132,     0,     0 

 118132, BEAM  ,    2,    64, 118132, 118133,     0,     0 

 118133, BEAM  ,    2,    64, 118133, 118134,     0,     0 

 118134, BEAM  ,    2,    64, 118134, 118135,     0,     0 

 118135, BEAM  ,    2,    64, 118135, 118136,     0,     0 

 118136, BEAM  ,    2,    64, 118136, 118137,     0,     0 

 118200, BEAM  ,    2,    51, 108200, 118201,  16.2,     0 

 118201, BEAM  ,    2,    51, 118201, 118202,  16.2,     0 

 118202, BEAM  ,    2,    64, 118202, 118203,     0,     0 

 118203, BEAM  ,    2,    64, 118203, 118204,     0,     0 

 118204, BEAM  ,    2,    64, 118204, 118205,     0,     0 

 118205, BEAM  ,    2,    64, 118205, 118206,     0,     0 

 118206, BEAM  ,    2,    64, 118206, 118207,     0,     0 

 118207, BEAM  ,    2,    64, 118207, 118208,     0,     0 

 118208, BEAM  ,    2,    64, 118208, 118209,     0,     0 
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 118209, BEAM  ,    2,    64, 118209, 118210,     0,     0 

 118210, BEAM  ,    2,    64, 118210, 118211,     0,     0 

 118211, BEAM  ,    2,    64, 118211, 118212,     0,     0 

 118212, BEAM  ,    2,    64, 118212, 118213,     0,     0 

 118213, BEAM  ,    2,    64, 118213, 118214,     0,     0 

 118214, BEAM  ,    2,    64, 118214, 118215,     0,     0 

 118215, BEAM  ,    2,    64, 118215, 118216,     0,     0 

 118216, BEAM  ,    2,    64, 118216, 118217,     0,     0 

 118217, BEAM  ,    2,    64, 118217, 118218,     0,     0 

 118218, BEAM  ,    2,    64, 118218, 118219,     0,     0 

 118219, BEAM  ,    2,    64, 118219, 118220,     0,     0 

 118220, BEAM  ,    2,    64, 118220, 118221,     0,     0 

 118221, BEAM  ,    2,    64, 118221, 118222,     0,     0 

 118222, BEAM  ,    2,    64, 118222, 118223,     0,     0 

 118223, BEAM  ,    2,    64, 118223, 118224,     0,     0 

 118224, BEAM  ,    2,    64, 118224, 118225,     0,     0 

 118225, BEAM  ,    2,    64, 118225, 118226,     0,     0 

 118226, BEAM  ,    2,    64, 118226, 118227,     0,     0 

 118227, BEAM  ,    2,    64, 118227, 118228,     0,     0 

 118228, BEAM  ,    2,    64, 118228, 118229,     0,     0 

 118229, BEAM  ,    2,    64, 118229, 118230,     0,     0 

 118230, BEAM  ,    2,    64, 118230, 118231,     0,     0 

 118231, BEAM  ,    2,    64, 118231, 118232,     0,     0 

 118232, BEAM  ,    2,    64, 118232, 118233,     0,     0 

 118233, BEAM  ,    2,    64, 118233, 118234,     0,     0 

 118234, BEAM  ,    2,    64, 118234, 118235,     0,     0 

 118235, BEAM  ,    2,    64, 118235, 118236,     0,     0 

 118236, BEAM  ,    2,    64, 118236, 118237,     0,     0 

 119001, BEAM  ,    2,    61, 109000, 119001,  18.8,     0 

 119002, BEAM  ,    2,    61, 119001, 119002,  18.8,     0 

 119051, BEAM  ,    1,     1, 119001, 129001,     0,     0 

 119052, BEAM  ,    1,     1, 119001, 139001,     0,     0 

 129001, BEAM  ,    1,     1, 129001, 129002,     0,     0 

 129002, BEAM  ,    2,    63, 129002, 129003,     0,     0 

 129003, BEAM  ,    2,    63, 129003, 129004,     0,     0 

 129004, BEAM  ,    2,    63, 129004, 129005,     0,     0 

 129005, BEAM  ,    2,    63, 129005, 129006,     0,     0 

 129006, BEAM  ,    2,    63, 129006, 129007,     0,     0 

 129007, BEAM  ,    2,    63, 129007, 129008,     0,     0 

 129008, BEAM  ,    2,    63, 129008, 129009,     0,     0 

 129009, BEAM  ,    2,    63, 129009, 129010,     0,     0 

 129010, BEAM  ,    2,    63, 129010, 129011,     0,     0 

 129011, BEAM  ,    2,    63, 129011, 129012,     0,     0 

 129012, BEAM  ,    2,    63, 129012, 129013,     0,     0 

 129013, BEAM  ,    2,    63, 129013, 129014,     0,     0 

 129014, BEAM  ,    2,    63, 129014, 129015,     0,     0 

 129015, BEAM  ,    2,    63, 129015, 129016,     0,     0 

 129016, BEAM  ,    2,    63, 129016, 129017,     0,     0 

 129017, BEAM  ,    2,    63, 129017, 129018,     0,     0 

 129018, BEAM  ,    2,    63, 129018, 129019,     0,     0 

 129019, BEAM  ,    2,    63, 129019, 129020,     0,     0 

 129020, BEAM  ,    2,    63, 129020, 129021,     0,     0 

 129021, BEAM  ,    2,    63, 129021, 129022,     0,     0 

 129022, BEAM  ,    2,    63, 129022, 129023,     0,     0 

 129023, BEAM  ,    2,    63, 129023, 129024,     0,     0 

 129024, BEAM  ,    2,    63, 129024, 129025,     0,     0 

 129025, BEAM  ,    2,    63, 129025, 129026,     0,     0 

 129026, BEAM  ,    2,    63, 129026, 129027,     0,     0 

 129027, BEAM  ,    2,    63, 129027, 129028,     0,     0 

 129028, BEAM  ,    2,    63, 129028, 129029,     0,     0 

 129029, BEAM  ,    2,    63, 129029, 129030,     0,     0 

 129030, BEAM  ,    2,    63, 129030, 129031,     0,     0 

 129031, BEAM  ,    2,    63, 129031, 129032,     0,     0 

 129032, BEAM  ,    2,    63, 129032, 129033,     0,     0 

 129033, BEAM  ,    2,    63, 129033, 129034,     0,     0 

 129034, BEAM  ,    2,    63, 129034, 129035,     0,     0 

 129035, BEAM  ,    2,    63, 129035, 129036,     0,     0 

 139001, BEAM  ,    1,     1, 139001, 139002,     0,     0 
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 139002, BEAM  ,    2,    63, 139002, 139003,     0,     0 

 139003, BEAM  ,    2,    63, 139003, 139004,     0,     0 

 139004, BEAM  ,    2,    63, 139004, 139005,     0,     0 

 139005, BEAM  ,    2,    63, 139005, 139006,     0,     0 

 139006, BEAM  ,    2,    63, 139006, 139007,     0,     0 

 139007, BEAM  ,    2,    63, 139007, 139008,     0,     0 

 139008, BEAM  ,    2,    63, 139008, 139009,     0,     0 

 139009, BEAM  ,    2,    63, 139009, 139010,     0,     0 

 139010, BEAM  ,    2,    63, 139010, 139011,     0,     0 

 139011, BEAM  ,    2,    63, 139011, 139012,     0,     0 

 139012, BEAM  ,    2,    63, 139012, 139013,     0,     0 

 139013, BEAM  ,    2,    63, 139013, 139014,     0,     0 

 139014, BEAM  ,    2,    63, 139014, 139015,     0,     0 

 139015, BEAM  ,    2,    63, 139015, 139016,     0,     0 

 139016, BEAM  ,    2,    63, 139016, 139017,     0,     0 

 139017, BEAM  ,    2,    63, 139017, 139018,     0,     0 

 139018, BEAM  ,    2,    63, 139018, 139019,     0,     0 

 139019, BEAM  ,    2,    63, 139019, 139020,     0,     0 

 139020, BEAM  ,    2,    63, 139020, 139021,     0,     0 

 139021, BEAM  ,    2,    63, 139021, 139022,     0,     0 

 139022, BEAM  ,    2,    63, 139022, 139023,     0,     0 

 139023, BEAM  ,    2,    63, 139023, 139024,     0,     0 

 139024, BEAM  ,    2,    63, 139024, 139025,     0,     0 

 139025, BEAM  ,    2,    63, 139025, 139026,     0,     0 

 139026, BEAM  ,    2,    63, 139026, 139027,     0,     0 

 139027, BEAM  ,    2,    63, 139027, 139028,     0,     0 

 139028, BEAM  ,    2,    63, 139028, 139029,     0,     0 

 139029, BEAM  ,    2,    63, 139029, 139030,     0,     0 

 139030, BEAM  ,    2,    63, 139030, 139031,     0,     0 

 139031, BEAM  ,    2,    63, 139031, 139032,     0,     0 

 139032, BEAM  ,    2,    63, 139032, 139033,     0,     0 

 139033, BEAM  ,    2,    63, 139033, 139034,     0,     0 

 139034, BEAM  ,    2,    63, 139034, 139035,     0,     0 

 139035, BEAM  ,    2,    63, 139035, 139036,     0,     0 

 

*GROUP    ; Group 

; NAME, NODE_LIST, ELEM_LIST, PLANE_TYPE 

   3Dalamb : Active 1, 1001to1098 2007to2043by12 2053to2089by12 2095 3001to3021 \ 

        3063to3091 4002 4003 4017to4019 4065to4067 4087to4089 5001 5019to5065 \ 

        5089to5098 6002 6003 6017to6019 6065to6067 6087to6089 7001to7021 \ 

        7063to7091 8007to8043by12 8053to8089by12 8095 9001to9098 101100 101102 \ 

        101110 101130 101140 101200 101202 101220 101230 101240 102100to102102 \ 

        102110to102140by10 102200to102202 102210to102240by10 103000to103002 \ 

        103010 103020 103030 104000to104030by10 104002 105000to105002 105010 \ 

        105020 105030 106100to106102 106110to106140by10 106200to106202 \ 

        106210to106240by10 107100 107110 107130 107140 107200 107220 107230 \ 

        107240 108100to108140by10 108200to108240by10 109000to109030by10 109002, \ 

        1001to1097 3001to3021 3062to3091 4001to4003 4016to4018 4065to4067 \ 

        4086to4088 5019to5064 5089to5097 6001to6003 6016to6018 6065to6067 \ 

        6086to6088 7001to7021 7062to7091 9001to9097 11001to11098 \ 

        12007to12043by12 12053to12089by12 12095 13001to13003 13017to13021 \ 

        13063to13067 13087to13091 14019 14065 14089 15001 15019to15065 \ 

        15089to15098 16002 16003 16017to16019 16065to16067 16087to16089 \ 

        17001to17021 17063to17091 18007to18043by12 18053to18089by12 18095 101110 \ 

        101130 101140 101220 101230 101240 102101 102110to102140by10 102201 \ 

        102210to102240by10 103001 103010 103020 103030 104010 104020 104030 \ 

        105001 105010 105020 105030 106101 106110to106140by10 106201 \ 

        106210to106240by10 107110 107130 107140 107220 107230 107240 \ 

        108110to108140by10 108210to108240by10 109010 109020 109030, 0 

   3Dvolum : Active 1, 1001to1098 2007to2043by12 2053to2089by12 2095 3001to3021 \ 

        3063to3091 4002 4003 4017to4019 4065to4067 4087to4089 5001 5019to5065 \ 

        5089to5098 6002 6003 6017to6019 6065to6067 6087to6089 7001to7021 \ 

        7063to7091 8007to8043by12 8053to8089by12 8095 9001to9098 101100 101102 \ 

        101110 101130 101140 101200 101202 101220 101230 101240 102100to102102 \ 

        102110to102140by10 102200to102202 102210to102240by10 103000to103002 \ 

        103010 103020 103030 104000to104030by10 104002 105000to105002 105010 \ 

        105020 105030 106100to106102 106110to106140by10 106200to106202 \ 

        106210to106240by10 107100 107110 107130 107140 107200 107220 107230 \ 
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        107240 108100to108140by10 108200to108240by10 109000to109030by10 109002, \ 

        1001to1097 3001to3021 3062to3091 4001to4003 4016to4018 4065to4067 \ 

        4086to4088 5019to5064 5089to5097 6001to6003 6016to6018 6065to6067 \ 

        6086to6088 7001to7021 7062to7091 9001to9097 11001to11098 \ 

        12007to12043by12 12053to12089by12 12095 13001to13003 13017to13021 \ 

        13063to13067 13087to13091 14019 14065 14089 15001 15019to15065 \ 

        15089to15098 16002 16003 16017to16019 16065to16067 16087to16089 \ 

        17001to17021 17063to17091 18007to18043by12 18053to18089by12 18095 101110 \ 

        101130 101140 101220 101230 101240 102101 102110to102140by10 102201 \ 

        102210to102240by10 103001 103010 103020 103030 104010 104020 104030 \ 

        105001 105010 105020 105030 106101 106110to106140by10 106201 \ 

        106210to106240by10 107110 107130 107140 107220 107230 107240 \ 

        108110to108140by10 108210to108240by10 109010 109020 109030, 0 

   3Dvolinf : Active 1, 1001to1098 2007to2043by12 2053to2089by12 2095 \ 

        3001to3021 3063to3091 4002 4003 4017to4019 4065to4067 4087to4089 5001 \ 

        5019to5065 5089to5098 6002 6003 6017to6019 6065to6067 6087to6089 \ 

        7001to7021 7063to7091 8007to8043by12 8053to8089by12 8095 9001to9098 \ 

        101100 101102 101110 101130 101140 101200 101202 101220 101230 101240 \ 

        102100to102102 102110to102140by10 102200to102202 102210to102240by10 \ 

        103000to103002 103010 103020 103030 104000to104030by10 104002 \ 

        105000to105002 105010 105020 105030 106100to106102 106110to106140by10 \ 

        106200to106202 106210to106240by10 107100 107110 107130 107140 107200 \ 

        107220 107230 107240 108100to108140by10 108200to108240by10 \ 

        109000to109030by10 109002, 1001to1097 3001to3021 3062to3091 4001to4003 \ 

        4016to4018 4065to4067 4086to4088 5019to5064 5089to5097 6001to6003 \ 

        6016to6018 6065to6067 6086to6088 7001to7021 7062to7091 9001to9097 \ 

        11001to11098 12007to12043by12 12053to12089by12 12095 13001to13003 \ 

        13017to13021 13063to13067 13087to13091 14019 14065 14089 15001 \ 

        15019to15065 15089to15098 16002 16003 16017to16019 16065to16067 \ 

        16087to16089 17001to17021 17063to17091 18007to18043by12 18053to18089by12 \ 

        18095 101110 101130 101140 101220 101230 101240 102101 \ 

        102110to102140by10 102201 102210to102240by10 103001 103010 103020 103030 \ 

        104010 104020 104030 105001 105010 105020 105030 106101 \ 

        106110to106140by10 106201 106210to106240by10 107110 107130 107140 107220 \ 

        107230 107240 108110to108140by10 108210to108240by10 109010 109020 \ 

        109030, 0 

   Estrato_Re, , , 0 

   Estrato_Tb-1, , , 0 

   Estrato_Az, , , 0 

   Estrato_Tb-2, , , 0 

   Estrato_Ap, , , 0 

   Estrato_Tb-3, , , 0 

   NodosTablero : Active 1, 1001to1098 2001 2007to2043by12 2053to2089by12 2095 \ 

        3001to3021 3063to3091 4002 4003 4017to4019 4065to4067 4087to4089 5001 \ 

        5019to5065 5089to5098 6002 6003 6017to6019 6065to6067 6087to6089 \ 

        7001to7021 7063to7091 8001 8007to8043by12 8053to8089by12 8095 \ 

        9001to9098, 201to234 301to334 1001to1097 3001to3021 3062to3091 \ 

        4001to4003 4016to4018 4065to4067 4086to4088 5019to5064 5089to5097 \ 

        6001to6003 6016to6018 6065to6067 6086to6088 7001to7021 7062to7091 \ 

        9001to9097 11001to11098 12001 12007to12043by12 12053to12089by12 12095 \ 

        13001to13003 13017to13021 13063to13067 13087to13091 14019 14065 14089 \ 

        15001 15019to15065 15089to15098 16002 16003 16017to16019 16065to16067 \ 

        16087to16089 17001to17021 17063to17091 18001 18007to18043by12 \ 

        18053to18089by12 18095, 0 

   BarrasPpalesTablero : Active 1, 1001to1098 2001 2007to2043by12 \ 

        2053to2089by12 2095 3001to3021 3063to3091 4002 4003 4017to4019 \ 

        4065to4067 4087to4089 5001 5019to5065 5089to5098 6002 6003 6017to6019 \ 

        6065to6067 6087to6089 7001to7021 7063to7091 8001 8007to8043by12 \ 

        8053to8089by12 8095 9001to9098, 1001to1097 3001to3021 3062to3091 \ 

        4001to4003 4016to4018 4065to4067 4086to4088 5019to5064 5089to5097 \ 

        6001to6003 6016to6018 6065to6067 6086to6088 7001to7021 7062to7091 \ 

        9001to9097 11001to11043by6 11048 11053to11095by6 11098 12001 \ 

        12007to12043by12 12053to12089by12 12095 13001 13019 13065to16065by1000 \ 

        13089to16089by1000 14019 15001 15019to15043by6 15048 15053 15059 15095 \ 

        15098 16019 17001to17019by6 17065to17089by6 18001 18007to18043by12 \ 

        18053to18089by12 18095, 0 

   BarrasSecTablero : Active 1, 1002to1038by6 1003to1039by6 1004to1040by6 \ 

        1005to1041by6 1006to1042by6 1044to1047 1049to1052 1054to1090by6 \ 
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        1055to1091by6 1056to1092by6 1057to1093by6 1058to1094by6 1096 1097 \ 

        3002to3006 3008to3012 3014to3018 3020 3021 3063 3064 3066to3070 \ 

        3072to3076 3078to3082 3084to3088 3090 3091 4002 4003 4017 4018 4066 4067 \ 

        4087 4088 5020to5024 5026to5030 5032to5036 5038to5042 5044to5047 \ 

        5049to5052 5054to5058 5060to5064 5090to5094 5096 5097 6002 6003 6017 \ 

        6018 6066 6067 6087 6088 7002to7006 7008to7012 7014to7018 7020 7021 7063 \ 

        7064 7066to7070 7072to7076 7078to7082 7084to7088 7090 7091 9002to9038by6 \ 

        9003to9039by6 9004to9040by6 9005to9041by6 9006to9042by6 9044to9047 \ 

        9049to9052 9054to9090by6 9055to9091by6 9056to9092by6 9057to9093by6 \ 

        9058to9094by6 9096 9097, 11002to11038by6 11003to11039by6 11004to11040by6 \ 

        11005to11041by6 11006to11042by6 11044to11047 11049to11052 \ 

        11054to11090by6 11055to11091by6 11056to11092by6 11057to11093by6 \ 

        11058to11094by6 11096 11097 13002 13003 13017 13018 13020 13021 13063 \ 

        13064 13066 13067 13087 13088 13090 13091 15020to15024 15026to15030 \ 

        15032to15036 15038to15042 15044to15047 15049to15052 15054to15058 \ 

        15060to15064 15090to15094 15096 15097 16002 16003 16017 16018 16066 \ 

        16067 16087 16088 17002to17006 17008to17012 17014to17018 17020 17021 \ 

        17063 17064 17066to17070 17072to17076 17078to17082 17084to17088 17090 \ 

        17091, 0 

   NodosColumnas : Active 1, 101101to101104 101110 101111 101115 \ 

        101130to101145by5 101131 101141 101201to101204 101220to101245by5 101221 \ 

        101231 101241 102101to102104 102110to102145by5 102111to102141by10 \ 

        102201to102204 102210to102245by5 102211to102241by10 103001to103004 \ 

        103010to103030by5 103011 103021 104002to104004 104010to104030by5 104011 \ 

        104021 105001to105004 105010to105030by5 105011 105021 106101to106104 \ 

        106110to106145by5 106111to106141by10 106201to106204 106210to106245by5 \ 

        106211to106241by10 107100to107145by15 107103 107104 107110 107111 107131 \ 

        107135 107140 107141 107200 107203 107204 107220to107245by5 107221 \ 

        107231 107241 108100to108140by10 108104 108111to108141by10 \ 

        108115to108145by10 108200to108240by10 108204 108211to108241by10 \ 

        108215to108245by10 109002 109004 109010to109030by5 109011 109021, \ 

        101101to101103 101110 101111 101130 101131 101140 101141 101201to101203 \ 

        101220 101221 101230 101231 101240 101241 102101to102103 \ 

        102110to102140by10 102111to102141by10 102201to102203 102210to102240by10 \ 

        102211to102241by10 103001to103003 103010 103011 103020 103021 103030 \ 

        104002 104003 104010 104011 104020 104021 104030 105001to105003 105010 \ 

        105011 105020 105021 105030 106101to106103 106110to106140by10 \ 

        106111to106141by10 106201to106203 106210to106240by10 106211to106241by10 \ 

        107102 107103 107110 107111 107130 107131 107140 107141 107202 107203 \ 

        107220 107221 107230 107231 107240 107241 108103 108110to108140by10 \ 

        108111to108141by10 108203 108210to108240by10 108211to108241by10 109003 \ 

        109010 109011 109020 109021 109030, 0 

   NodosCimentacion : Active 1, 101100 101101 101200 101201 102100 102101 \ 

        102200 102201 103000 103001 104000 104002 105000 105001 106100 106101 \ 

        106200 106201 107100 107200 108100 108200 109000 109002 111101to111146 \ 

        111201to111246 112101to112142 112201to112242 113001to113037 \ 

        114001to114036 115001to115033 116101to116135 116201to116235 \ 

        117101to117138 117201to117238 118101to118137 118201to118237 119001 \ 

        119002 129002to129036 139002to139036, 101100 101200 102100 102200 103000 \ 

        104000 105000 106100 106200 109000 111100to111145 111200to111245 112000 \ 

        112100to112141 112200to112241 113000to113036 114000to114035 \ 

        115000to115032 116000 116100to116134 116200to116234 117100to117137 \ 

        117200to117237 118100to118136 118200to118236 119001 119002 \ 

        129002to129035 139002to139035, 0 

   NodosCaballete : Active 1, 1to6 100to106 111to116 121to126 131to136 141to146 \ 

        1001 2001 3001 7001 8001 9001, 1to6 100to105 111to116 121to126 131to136 \ 

        141to146, 0 

   BarrasCaballete : Active 1, 1to6 100to106 111to116 121to126 131to136 \ 

        141to146 1001 2001 3001 7001 8001 9001, 1to6 100to105 111to116 121to126 \ 

        131to136 141to146, 0 

   NodosColumna1 : Active 1, 101100to101104 101110 101111 101115 \ 

        101130to101145by5 101131 101141 101200to101204 101220to101245by5 101221 \ 

        101231 101241 102100to102104 102110to102145by5 102111to102141by10 \ 

        102200to102204 102210to102245by5 102211to102241by10 103000to103004 \ 

        103010to103030by5 103011 103021 111101to111146 111201to111246 \ 

        112101to112142 112201to112242 113001to113037, 101100to101103 101110 \ 

        101111 101115 101130to101145by5 101131 101141 101200to101203 \ 

        101220to101245by5 101221 101231 101241 102100to102103 102110to102145by5 \ 
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        102111to102141by10 102200to102203 102210to102245by5 102211to102241by10 \ 

        103000to103003 103010to103030by5 103011 103021 111100to111145 \ 

        111200to111245 112000 112100to112141 112200to112241 113000to113036, 0 

   NodosColumnas456 : Active 1, 104000to104030by10 104002to104004 104011 104015 \ 

        104021 104025 105000to105004 105010to105030by5 105011 105021 \ 

        106100to106104 106110to106145by5 106111to106141by10 106200to106204 \ 

        106210to106245by5 106211to106241by10 114001to114036 115001to115033 \ 

        116101to116135 116201to116235, 104000to104030by10 104002 104003 104011 \ 

        104015 104021 104025 105000to105003 105010to105030by5 105011 105021 \ 

        106100to106103 106110to106145by5 106111to106141by10 106200to106203 \ 

        106210to106245by5 106211to106241by10 114000to114035 115000to115032 \ 

        116000 116100to116134 116200to116234, 0 

   NodosColumnas789 : Active 1, 107100to107145by15 107103 107104 107110 107111 \ 

        107131 107135 107140 107141 107200 107203 107204 107220to107245by5 \ 

        107221 107231 107241 108100to108140by10 108104 108111to108141by10 \ 

        108115to108145by10 108200to108240by10 108204 108211to108241by10 \ 

        108215to108245by10 109000to109030by10 109002 109004 109011 109015 109021 \ 

        109025 117101to117138 117201to117238 118101to118137 118201to118237 \ 

        119001 119002 129001to129036 139001to139036, 107102 107103 107110 107111 \ 

        107115 107130to107145by5 107131 107141 107202 107203 107220to107245by5 \ 

        107221 107231 107241 108103 108110to108145by5 108111to108141by10 108203 \ 

        108210to108245by5 108211to108241by10 109000to109030by10 109003 109011 \ 

        109015 109021 109025 117100to117137 117200to117237 118100to118136 \ 

        118200to118236 119001 119002 119051 119052 129001to129035 \ 

        139001to139035, 0 

   NodosColumnas456 : Active 2, 104000to104030by10 104002to104004 104011 104015 \ 

        104021 104025 105000to105004 105010to105030by5 105011 105021 \ 

        106100to106104 106110to106145by5 106111to106141by10 106200to106204 \ 

        106210to106245by5 106211to106241by10 114001to114036 115001to115033 \ 

        116101to116135 116201to116235, 104000to104030by10 104002 104003 104011 \ 

        104015 104021 104025 105000to105003 105010to105030by5 105011 105021 \ 

        106100to106103 106110to106145by5 106111to106141by10 106200to106203 \ 

        106210to106245by5 106211to106241by10 114000to114035 115000to115032 \ 

        116000 116100to116134 116200to116234, 0 

   NodosColumna123SP : Active 1, 101100to101104 101110 101111 101115 \ 

        101130to101145by5 101131 101141 101200to101204 101220to101245by5 101221 \ 

        101231 101241 102100to102104 102110to102145by5 102111to102141by10 \ 

        102200to102204 102210to102245by5 102211to102241by10 103000to103004 \ 

        103010to103030by5 103011 103021 111101 111102 111201 111202 112101 \ 

        112102 112201 112202 113001 113002, 101100to101103 101110 101111 101115 \ 

        101130to101145by5 101131 101141 101200to101203 101220to101245by5 101221 \ 

        101231 101241 102100to102103 102110to102145by5 102111to102141by10 \ 

        102200to102203 102210to102245by5 102211to102241by10 103000to103003 \ 

        103010to103030by5 103011 103021 111100 111101 111200 111201 112100 \ 

        112101 112200 112201 113000 113001, 0 

   NodosColumna456SP : Active 1, 104000to104030by10 104002to104004 104011 \ 

        104015 104021 104025 105000to105004 105010to105030by5 105011 105021 \ 

        106100to106104 106110to106145by5 106111to106141by10 106200to106204 \ 

        106210to106245by5 106211to106241by10 114001 114002 115001 115002 116101 \ 

        116102 116201 116202, 104000to104030by10 104002 104003 104011 104015 \ 

        104021 104025 105000to105003 105010to105030by5 105011 105021 \ 

        106100to106103 106110to106145by5 106111to106141by10 106200to106203 \ 

        106210to106245by5 106211to106241by10 114000 114001 115000 115001 116100 \ 

        116101 116200 116201, 0 

   NodosColumna789SP : Active 1, 107100to107145by15 107103 107104 107110 107111 \ 

        107131 107135 107140 107141 107200 107203 107204 107220to107245by5 \ 

        107221 107231 107241 108100to108140by10 108104 108111to108141by10 \ 

        108115to108145by10 108200to108240by10 108204 108211to108241by10 \ 

        108215to108245by10 109000to109030by10 109002to139002by10000 109004 \ 

        109011 109015 109021 109025 117101 117102 117201 117202 118101 118102 \ 

        118201 118202 119001 129001 139001, 107102 107103 107110 107111 107115 \ 

        107130to107145by5 107131 107141 107202 107203 107220to107245by5 107221 \ 

        107231 107241 108103 108110to108145by5 108111to108141by10 108203 \ 

        108210to108245by5 108211to108241by10 109000to109030by10 109003 109011 \ 

        109015 109021 109025 117100 117101 117200 117201 118100 118101 118200 \ 

        118201 119001 119002 119051 119052 129001 139001, 0 

   NodosColumna123SP : Active 2, 101100to101104 101110 101111 101115 \ 

        101130to101145by5 101131 101141 101200to101204 101220to101245by5 101221 \ 
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        101231 101241 102100to102104 102110to102145by5 102111to102141by10 \ 

        102200to102204 102210to102245by5 102211to102241by10 103000to103004 \ 

        103010to103030by5 103011 103021 111101 111102 111201 111202 112101 \ 

        112102 112201 112202 113001 113002, 101100to101103 101110 101111 101115 \ 

        101130to101145by5 101131 101141 101200to101203 101220to101245by5 101221 \ 

        101231 101241 102100to102103 102110to102145by5 102111to102141by10 \ 

        102200to102203 102210to102245by5 102211to102241by10 103000to103003 \ 

        103010to103030by5 103011 103021 111100 111101 111200 111201 112000 \ 

        112100 112101 112200 112201 113000 113001, 0 

   NodosColumna456SP : Active 2, 104000to104030by10 104002to104004 104011 \ 

        104015 104021 104025 105000to105004 105010to105030by5 105011 105021 \ 

        106100to106104 106110to106145by5 106111to106141by10 106200to106204 \ 

        106210to106245by5 106211to106241by10 114001 114002 115001 115002 116101 \ 

        116102 116201 116202, 104000to104030by10 104002 104003 104011 104015 \ 

        104021 104025 105000to105003 105010to105030by5 105011 105021 \ 

        106100to106103 106110to106145by5 106111to106141by10 106200to106203 \ 

        106210to106245by5 106211to106241by10 114000 114001 115000 115001 116000 \ 

        116100 116101 116200 116201, 0 

   UnionCaballeteTablero : Active 1, 1to6 100to106 111to116 121to126 131to136 \ 

        141to146 1001to1003 2001 3001to3003 4002 4003 5001 6002 6003 7001to7003 \ 

        8001 9001to9003, 1to6 100to105 111to116 121to126 131to136 141to146 1001 \ 

        1002to16002by5000 3001to18001by3000 3002 4001 4002 7001 7002 9002 11001 \ 

        13001 13002 17001 17002, 0 

   UnionCaballeteTablero : Active 2, 1to6 100to106 111to116 121to126 131to136 \ 

        141to146 1001to1003 2001 3001to3003 4002 4003 5001 6002 6003 7001to7003 \ 

        8001 9001to9003, 1to6 100to105 111to116 121to126 131to136 141to146 1001 \ 

        1002to16002by5000 3001to18001by3000 3002 4001 4002 7001 7002 9002 11001 \ 

        13001 13002 17001 17002, 0 

   UnionColumnas123Tablero : Active 1, 1007 1019 1022 1031 2007 \ 

        2019to8019by2000 2031 3004to3010 3016to3021 5019 5031 7004to7010 \ 

        7016to7021 8007 8031 9007 9019 9022 9031 101102to101104 101110 101111 \ 

        101115 101130to101145by5 101131 101141 101202to101204 101220to101245by5 \ 

        101221 101231 101241 102102to102104 102110to102145by5 102111to102141by10 \ 

        102202to102204 102210to102245by5 102211to102241by10 103002to103004 \ 

        103010to103030by5 103011 103021, 3004 3005 3008 3009 3016 3017 3020 3021 \ 

        7004 7005 7008 7009 7016 7017 7020 7021 11007 11019to18019by1000 11031 \ 

        12007 12031 15031 17007 18007 18031 101102 101103 101110 101111 101115 \ 

        101130to101145by5 101131 101141 101202 101203 101220to101245by5 101221 \ 

        101231 101241 102102 102103 102110to102145by5 102111to102141by10 102202 \ 

        102203 102210to102245by5 102211to102241by10 103002 103003 \ 

        103010to103030by5 103011 103021, 0 

   UnionColumnas456Tablero : Active 1, 1043 1053 1062 1065 2043 2053 \ 

        2065to8065by2000 3063to3068 5043 5053 5065 7063to7068 8043 8053 9043 \ 

        9053 9062 9065 104002to104004 104010to104030by5 104011 104021 \ 

        105002to105004 105010to105030by5 105011 105021 106102to106104 \ 

        106110to106145by5 106111to106141by10 106202to106204 106210to106245by5 \ 

        106211to106241by10, 3062 3063 3066 3067 7062 7063 7066 7067 11043 11053 \ 

        11065to18065by1000 12043 12053 15043 15053 18043 18053 104002 104003 \ 

        104010to104030by5 104011 104021 105002 105003 105010to105030by5 105011 \ 

        105021 106102 106103 106110to106145by5 106111to106141by10 106202 106203 \ 

        106210to106245by5 106211to106241by10, 0 

   UnionColumnas789Tablero : Active 1, 1077 1089 1092 1095 2077 \ 

        2089to8089by2000 2095 3074to3080 3086to3091 5089 5095 7074to7080 \ 

        7086to7091 8077 8095 9077 9089 9092 9095 107100to107145by15 107103 \ 

        107104 107110 107111 107131 107135 107140 107141 107200to107245by15 \ 

        107203 107204 107220 107221 107225 107231 107235 107240 107241 \ 

        108100to108140by10 108104 108111to108141by10 108115to108145by10 \ 

        108200to108240by10 108204 108211to108241by10 108215to108245by10 109002 \ 

        109004 109010to109030by5 109011 109021, 3074 3075 3078 3079 3086 3087 \ 

        3090 3091 7074 7075 7078 7079 7086 7087 7090 7091 11077 \ 

        11089to18089by1000 11095 12077 12095 15095 17077 18077 18095 107102 \ 

        107103 107110 107111 107115 107130to107145by5 107131 107141 107202 \ 

        107203 107220to107245by5 107221 107231 107241 108103 108110to108145by5 \ 

        108111to108141by10 108203 108210to108245by5 108211to108241by10 109003 \ 

        109010to109030by5 109011 109021, 0 

   ReleasesAlambrico : Active 1, 1001to1098 2001 2007to2043by12 2053to2089by12 \ 

        2095 3001to3021 3063to3091 4002 4003 4017to4019 4065to4067 4087to4089 \ 

        5001 5019to5065 5089to5098 6002 6003 6017to6019 6065to6067 6087to6089 \ 
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        7001to7021 7063to7091 8001 8007to8043by12 8053to8089by12 8095 \ 

        9001to9098, 1001to1097 3001to3021 3062to3091 4001to4003 4016to4018 \ 

        4065to4067 4086to4088 5019to5064 5089to5097 6001to6003 6016to6018 \ 

        6065to6067 6086to6088 7001to7021 7062to7091 9001to9097 11001to11098 \ 

        12001 12007to12043by12 12053to12089by12 12095 13001to13003 13017to13021 \ 

        13063to13067 13087to13091 14019 14065 14089 15001 15019to15065 \ 

        15089to15098 16002 16003 16017to16019 16065to16067 16087to16089 \ 

        17001to17021 17063to17091 18001 18007to18043by12 18053to18089by12 18095, \ 

        0 

   ReleasesVolumen : Active 1, 1001to1098 2001 2007to2043by12 2053to2089by12 \ 

        2095 3001to3021 3063to3091 4002 4003 4017to4019 4065to4067 4087to4089 \ 

        5001 5019to5065 5089to5098 6002 6003 6017to6019 6065to6067 6087to6089 \ 

        7001to7021 7063to7091 8001 8007to8043by12 8053to8089by12 8095 \ 

        9001to9098, 1001to1097 3001to3021 3062to3091 4001to4003 4016to4018 \ 

        4065to4067 4086to4088 5019to5064 5089to5097 6001to6003 6016to6018 \ 

        6065to6067 6086to6088 7001to7021 7062to7091 9001to9097 11001to11098 \ 

        12001 12007to12043by12 12053to12089by12 12095 13001to13003 13017to13021 \ 

        13063to13067 13087to13091 14019 14065 14089 15001 15019to15065 \ 

        15089to15098 16002 16003 16017to16019 16065to16067 16087to16089 \ 

        17001to17021 17063to17091 18001 18007to18043by12 18053to18089by12 18095, \ 

        0 

   CargaLastres : Active 1, 1to6 100to106 111to116 121to126 131to136 141to146 \ 

        1001to1022 2001 2007 2019 3001to3021 4002 4003 4017to4019 5001 \ 

        5019to5022 6002 6003 6017to6019 7001to7021 8001 8007 8019 9001to9022 \ 

        101100to101104 101110 101111 101115 101130to101145by5 101131 101141 \ 

        101200to101204 101211to101241by10 101215to101245by5 102100to102104 \ 

        102110to102145by5 102111to102141by10 102200to102204 102210to102245by5 \ 

        102211to102241by10 111101to111146 111201to111246 112101to112142 \ 

        112201to112242, 1to6 100to105 111to116 121to126 131to136 141to146 \ 

        201to206 301to306 1001to1021 3001to3021 4001to4003 4016to4018 5019to5021 \ 

        6001to6003 6016to6018 7001to7021 9001to9021 11001to11021 12001 12007 \ 

        12019 13001to13003 13017to13021 14019 15001 15019to15021 16002 16003 \ 

        16017to16019 17001to17021 18001 18007 18019 101100to101103 101110 101111 \ 

        101115 101130to101145by5 101131 101141 101200to101203 101220to101245by5 \ 

        101221 101231 101241 102100to102103 102110to102145by5 102111to102141by10 \ 

        102200to102203 102210to102245by5 102211to102241by10 111100to111145 \ 

        111200to111245 112000 112100to112141 112200to112241, 0 

 

*BNDR-GROUP    ; Boundary Group 

; NAME, AUTOTYPE 

 Cimentaciones, 0 

 Apoyos, 0 

 Relajaciones, 0 

 Estrato_Re, 0 

 Estrato_Tb-1, 0 

 Estrato_Az, 0 

 Estrato_Tb-2, 0 

 Estrato_Ap, 0 

 Estrato_Tb-3, 0 

 

*LOAD-GROUP    ; Load Group 

; NAME 

 DC 

 DW 

 Live load 

 Vto_sin_SC 

 Vto_LL 

 Térmico 

 Asientos 

 

*MATERIAL    ; Material 

; iMAT, TYPE, MNAME, SPHEAT, HEATCO, PLAST, TUNIT, bMASS, DAMPRATIO, [DATA1]           ; STEEL, CONC, USER 

; iMAT, TYPE, MNAME, SPHEAT, HEATCO, PLAST, TUNIT, bMASS, DAMPRATIO, [DATA2], [DATA2]  ; SRC 

; [DATA1] : 1, STANDARD, CODE/PRODUCT, DB, USEELAST, ELAST 

; [DATA1] : 2, ELAST, POISN, THERMAL, DEN, MASS 

; [DATA1] : 3, Ex, Ey, Ez, Tx, Ty, Tz, Sxy, Sxz, Syz, Pxy, Pxz, Pyz, DEN, MASS         ; Orthotropic 

; [DATA2] : 1, STANDARD, CODE/PRODUCT, DB, USEELAST, ELAST or 2, ELAST, POISN, THERMAL, DEN, MASS 

    1, STEEL, RIG               , 0, 0, , C, NO, 0.02, 2, 2.1000e+010,   0.3, 6.6667e-006,     0,     0 
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    2, CONC , Grade C4000       , 0, 0, , C, NO, 0.05, 1, ASTM(RC)   ,            , Grade C4000   , NO, 

2.51255e+007 

    3, STEEL, A709-50           , 0, 0, , C, NO, 0.02, 1, ASTM(S)    ,            , A709-50       , NO, 

1.99948e+008 

    4, CONC , C4000 sin peso    , 0, 0, , C, NO, 0.05, 2, 2.5126e+007,   0.2, 9.0000e-006,     0,     0 

 

*MATL-COLOR 

; iMAT, W_R, W_G, W_B, HF_R, HF_G, HF_B, HE_R, HE_G, HE_B, bBLEND, FACT 

    1, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    2, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    3, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    4, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

 

*TDM-TYPE    ; Time Dependent Material 

; NAME=NAME, CODE, STR, HU, VOL, AGE, CFACTA, CFACTB, TYPE, [ACI1 or ACI2]     ; CODE=ACI 

; NAME=NAME, CODE, STR, HU, MSIZE, CTYPE, AGE                                  ; 

CODE=CEB1990,KS,CEB1978,KSCE 2010,KCI-USD12,CEB-FIP2010 

; NAME=NAME, CODE, N1, PHI1, N2, PHI2                                          ; CODE=MEM 

; NAME=NAME, CODE, STR, HU, USS, UCS, VOL, RR, MOD                             ; CODE=PCA 

; NAME=NAME, CODE, STR, HU, VOL, UCS, VSR1, LAF, US, VSR, PST, bRCE, RR, MOD   ; CODE=COMBINED 

; NAME=NAME, CODE, STR, HTYPE, HU, MSIZE, CTYPE, AGE, CM                       ; CODE=JAPAN 

; NAME=NAME, CODE, ELAST, HU, VOL, CC, WC, AGE                                 ; CODE=JSCE 

; NAME=NAME, CODE, STR, HTYPE, HU, MSIZE, AGE                                  ; CODE=CHINA 

; NAME=NAME, CODE, STR, HU, MSIZE, BSC, AGE                                    ; CODE=JTG 

; NAME=NAME, CODE, STR, HU, VSR, AGE, bEXPOSE                                  ; CODE=AASHTO 

; NAME=NAME, CODE, STR, HU, MSIZE, AGE                                         ; CODE=INDIA(IRC:18-2000) 

; NAME=NAME, CODE, STR, HU, MSIZE, CTYPE, AGE                                  ; CODE=INDIA(IRC:112-2011) 

; NAME=NAME, CODE, STR, HU, MSIZE, CTYPE, AGE, TCode, bSILICA                  ; CODE=European 

; NAME=NAME, CODE, STR, EE(Not Use), FS, HT, DSE, DSC, AGE                     ; CODE=NZ Bridge(SP/M/022) 

; NAME=NAME, CODE, STR, HU, AGE, M, CMETH, CTYPE, CREEP, CONCT, W, MAXS, A, PZ ; CODE=Russian 

; NAME=NAME, CODE, STR, HU, MSIZE, BSC, AGE, FLYASH                            ; CODE=China(JTG3362-2018) 

; NAME=NAME, CODE, STR, EE, HT, DSC, DSCUSR, AGE                               ; CODE=Australia 

; NAME=NAME, CODE, bSSF, SSFNAME                                               ; CODE=USER(line1) 

;      CREEPFUNC1, AGE1, CREEPFUNC2, AGE2, ...                                 ; USER(from line 2) 

; [ACI1] : CURE, SLUMP, FAP, AIR, CC 

; [ACI2] : UCC, USS 

   NAME=C4000, CEB-FIP(2010), 28000, 70, 0.2, NR, 3, 0 

 

*TDM-ELAST    ; Time Dependent Material(Comp. Strength) 

; NAME=NAME, TYPE, CODE, STRENGTH, A, B                          ; TYPE=CODE(Korean Standard, ACI) 

; NAME=NAME, TYPE, CODE, STRENGTH, iCTYPE                        ; TYPE=CODE(CEB-FIP, Ohzagi, KCI-USD12) 

; NAME=NAME, TYPE, CODE, STRENGTH, bUSE, [DATA]                  ; TYPE=CODE(Japan(Hydration)) 

; NAME=NAME, TYPE, CODE, STRENGTH, iTYPE                         ; TYPE=CODE(Japan(Elastic)) 

; NAME=NAME, TYPE, CODE, STRENGTH                                ; TYPE=CODE(INDIA(IRC:18-2000)) 

; NAME=NAME, TYPE, CODE, STRENGTH, iCTYPE                        ; TYPE=CODE(INDIA(IRC:112-2011)) 

; NAME=NAME, TYPE, CODE, STRENGTH, iCTYPE                        ; TYPE=CODE(European) 

; NAME=NAME, TYPE, CODE, STRENGTH,                               ; TYPE=CODE(CEB-FIP(1978)) 

; NAME=NAME, TYPE, CODE, STRENGTH, TYPE, CMETH, CTYPE, MAXS, PZ  ; TYPE=CODE(Russian)) 

; NAME=NAME, TYPE, CODE, STRENGTH,                               ; TYPE=CODE=Australia 

; NAME=NAME, TYPE, CODE, STRENGTH, iCTYPE, nAGGRE                ; TYPE=CODE(CEB-FIP 2010) 

; NAME=NAME, TYPE, SCALE                                         ; TYPE=USER(line 1) 

;      DAY1, COMP1, TENS1, ELAST1, DAY2, COMP2, ...              ;      USER(from line 2) 

; [DATA] : ( A, B, D, TSF ) or ( iCTYPE, TSF) 

   NAME=C4000, CODE, CEB-FIP(2010), 36000, 1, 0 

 

*TDM-LINK    ; Time Dependent Material Link 

; iMAT, TDM-TYPE1(CREEP/SHRINKAGE), TDM-TYPE2(ELASTICITY) 

    2, C4000, C4000 

 

*SECT-PSCVALUE    ; PSC Value, General Section, Composite PC, Composite General 

; SECT=iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, bBU, bEQ, SNAME2(PSC VAL)   ; 1st line 

;      [STIFF1]                                                                  ; 2nd line 

;      [STIFF2]                                                                  ; 3rd line 

;      [STIFF3]                                                                  ; 4th line 

;      T1, T2, BT, HT                                                            ; 5th line(PSC) 

;      bSHEARCHK, [SCHK], [WT]                                                   ; 6th line(PSC) 

;      SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc                               ; 7th line(COMPOSITE-PC) 

;      OPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Outer Polygon(PLANE) 
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;      IPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Inner Polygon(PLANE) 

;      ... 

;      IPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Inner Polygon(PLANE) 

;      VERTEX=X1, Y1, X2, Y2, ..., Xn, Yn                                        ; Vertex(General-LINE) 

;      LINE=VI1, VJ1, dTHIK1, iALIGN1                                            ; Line(General-LINE) 

;      ... 

;      LINE=VIn, VJn, dTHIKn, iALIGNn                                            ; Line(General-LINE) 

;      LOOP=COUNT1, LIX11, LIX12, ..., LIXn                                      ; Line(General-LINE) 

;      ... 

;      LOOP=COUNTn, LIXn1, LIXn2, ..., LIXnn                                     ; Line(General-LINE) 

; SECT=iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, bEQ          ; 1st line - TAPERED 

;      [STIFF1-I]                                                                ; 2nd line 

;      [STIFF2-I]                                                                ; 3rd line 

;      [STIFF3-I]                                                                ; 4th line 

;      [STIFF1-J]                                                                ; 5th line 

;      [STIFF2-J]                                                                ; 6th line 

;      [STIFF3-J]                                                                ; 7th line 

;      T1-I, T2-I, BT-I, HT-I, T1-J, T2-J, BT-J, HT-J                            ; 8th line(PSC) 

;      bSHEARCHK, [SCHK-I], [WT-I], [SCHK-J], [WT-J]                             ; 9rd line(PSC) 

;      OPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Outer Polygon(PLANE) 

;      IPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Inner Polygon(PLANE) 

;      ... 

;      IPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Inner Polygon(PLANE) 

;      VERTEX=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                    ; Vertex(General-LINE) 

;      LINE=bI, VI1, VJ1, dTHIK1, iALIGN1                                        ; Line(General-LINE) 

;      ... 

;      LINE=bI, VIn, VJn, dTHIKn, iALIGNn                                        ; Line(General-LINE) 

;      LOOP=bI, COUNT1, LIX11, LIX12, ..., LIXn                                  ; Line(General-LINE) 

;      ... 

;      LOOP=bI, COUNTn, LIXn1, LIXn2, ..., LIXnn                                 ; Line(General-LINE) 

; SECT=iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, bBU, bEQ, BPRT              ; 1st line - COMPOSITE-

GEN 

;      [PART1]                                                                   ; 2nd line 

;      [PART2]                                                                   ; 3rd line 

;      ... 

; SECT=iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, bEQ, PARTNUM ; 1st line - COMPOSITE-

GEN(TAPERED) 

;      [PART1]-I                                                                 ; 2nd line 

;      [PART2]-I                                                                 ; next lines 

;      ... 

;      [PART1]-J                                                                 ; next lines 

;      [PART2]-J                                                                 ; next lines 

;      ... 

; [OFFSET] : OFFSET, iCENT, iREF, iHORZ, HUSER, iVERT, VUSER 

; [OFFSET2]: OFFSET, iCENT, iREF, iHORZ, HUSERI, HUSERJ, iVERT, VUSERI, VUSERJ 

; [STIFF1] : AREA, ASy, ASz, Ixx, Iyy, Izz 

; [STIFF2] ; Cyp, Cym, Czp, Czm, Qyb, Qzb, PERI_OUT, PERI_IN, Cy, Cz 

; [STIFF3] ; Y1, Y2, Y3, Y4, Z1, Z2, Z3, Z4 

; [SCHK]   : Z1, Z3, bAUTO_QY1, QY1, bAUTO_QY2, QY2, bAUTO_QY3, QY3 

; [WT]     : TOR, bAUTO_SHR1, SHR1, bAUTO_SHR2, SHR2, bAUTO_SHR3, SHR3 

; [PART] : PART=part_num 

;        : [STIFF1] 

;        : [STIFF2] 

;        : [STIFF3] 

;        : [STIFF1]                                                            ; [STIFF1] of Part Sum. 

;        : [STIFF2]                                                            ; [STIFF2] of Part Sum. 

;        : [STIFF3]                                                            ; [STIFF3] of Part Sum. 

;        : OPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Outer Polygon(PLANE) 

;        : IPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Inner Polygon(PLANE) 

;        : ... 

;        : IPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Inner Polygon(PLANE) 

;        : VERTEX=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                    ; Vertex(General-LINE) 

;        : LINE=(bI-Tapered), VI1, VJ1, dTHIK1, iALIGN1                        ; Line(General-LINE) 

;        : ... 

;        : LINE=(bI-Tapered), VIn, VJn, dTHIKn, iALIGNn                        ; Line(General-LINE) 

;        : LOOP=(bI-Tapered), COUNT1, LIX11, LIX12, ..., LIXn                  ; Line(General-LINE) 

;        : ... 

;        : LOOP=(bI-Tapered), COUNTn, LIXn1, LIXn2, ..., LIXnn                 ; Line(General-LINE) 
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 SECT=   1, VALUE     , Rigid             , CC, 0, 0, 0, 0, 0, 0, NO, NO, GEN, YES, YES 

       2.25, 1.875, 1.875, 0.711914, 0.421875, 0.421875 

       0.75, 0.75, 0.75, 0.75, 0.28125, 0.28125, 6, 0, 0.75, 0.75 

       0, 0, 0, 0, 0, 0, 0, 0 

 SECT=  81, VALUE     , Diafragma         , CC, 0, 0, 0, 0, 0, 0, YES, NO, GEN, YES, YES 

       0.3145, 0.262083, 0.262083, 0.00285429, 0.000757421, 0.089698 

       0.925, 0.925, 0.085, 0.085, 0.0036, 0.4278, 4.04, 0, 0.925, 0.085 

       -0.925, 0.925, 0.925, -0.925, 0.085, 0.085, -0.085, -0.085 

 SECT=  91, VALUE     , Aux               , CC, 0, 0, 0, 0, 0, 0, YES, NO, GEN, YES, YES 

       0.0001, 8.33333e-005, 8.33333e-005, 1.40625e-009, 8.33333e-010, 8.33333e-010 

       0.005, 0.005, 0.005, 0.005, 1.25e-005, 1.25e-005, 0.04, 0, 0.005, 0.005 

       -0.005, 0.005, 0.005, -0.005, 0.005, 0.005, -0.005, -0.005 

 

*SECTION    ; Section 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, [DATA1], [DATA2]                    ; 1st line - DB/USER 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, BLT, D1, ..., D8, iCEL              ; 1st line - VALUE 

;       AREA, ASy, ASz, Ixx, Iyy, Izz                                               ; 2nd line 

;       CyP, CyM, CzP, CzM, QyB, QzB, PERI_OUT, PERI_IN, Cy, Cz                     ; 3rd line 

;       Y1, Y2, Y3, Y4, Z1, Z2, Z3, Z4, Zyy, Zzz                                    ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, ELAST, DEN, POIS, POIC, SF, THERMAL ; 1st line - SRC 

;       D1, D2, [SRC]                                                               ; 2nd line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, 1, DB, NAME1, NAME2, D1, D2         ; 1st line - COMBINED 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, 2, D11, D12, D13, D14, D15, D21, D22, D23, D24 

; iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, STYPE                ; 1st line - TAPERED 

;       DB, NAME1, NAME2                                                            ; 2nd line(STYPE=DB) 

;       [DIM1], [DIM2]                                                              ; 2nd line(STYPE=USER) 

;       D11, D12, D13, D14, D15, D16, D17, D18                                      ; 2nd 

line(STYPE=VALUE) 

;       AREA1, ASy1, ASz1, Ixx1, Iyy1, Izz1                                         ; 3rd 

line(STYPE=VALUE) 

;       CyP1, CyM1, CzP1, CzM1, QyB1, QzB1, PERI_OUT1, PERI_IN1, Cy1, Cz1           ; 4th 

line(STYPE=VALUE) 

;       Y11, Y12, Y13, Y14, Z11, Z12, Z13, Z14, Zyy1, Zyy2                          ; 5th 

line(STYPE=VALUE) 

;       D21, D22, D23, D24, D25, D26, D27, D28                                      ; 6th 

line(STYPE=VALUE) 

;       AREA2, ASy2, ASz2, Ixx2, Iyy2, Izz2                                         ; 7th 

line(STYPE=VALUE) 

;       CyP2, CyM2, CzP2, CzM2, QyB2, QzB2, PERI_OUT2, PERI_IN2, Cy2, Cz2           ; 8th 

line(STYPE=VALUE) 

;       Y21, Y22, Y23, Y24, Z21, Z22, Z23, Z24, Zyy2, Zzz2                          ; 9th 

line(STYPE=VALUE) 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line(STYPE=PSC) 

;       ELAST, DEN, POIS, POIC, THERMAL                                             ; 2nd line(STYPE=PSC-

CMPW) 

;       bSHEARCHK, [SCHK-I], [SCHK-J], [WT-I], [WT-J], WI, WJ, bSYM, bSIDEHOLE      ; 3rd line(STYPE=PSC) 

;       bSHEARCHK, bSYM, bHUNCH, [CMPWEB-I], [CMPWEB-J]                             ; 3rd line(STYPE=PSC-

CMPW) 

;       bUSERDEFMESHSIZE, MESHSIZE, bUSERINPSTIFF, [STIFF-I], [STIFF-J]             ; 4th line(STYPE=PSC) 

;       [SIZE-A]-i                                                                  ; 5th line(STYPE=PSC) 

;       [SIZE-B]-i                                                                  ; 6th line(STYPE=PSC) 

;       [SIZE-C]-i                                                                  ; 7th line(STYPE=PSC) 

;       [SIZE-D]-i                                                                  ; 8th line(STYPE=PSC) 

;       [SIZE-A]-j                                                                  ; 9th line(STYPE=PSC) 

;       [SIZE-B]-j                                                                  ; 10th line(STYPE=PSC) 

;       [SIZE-C]-j                                                                  ; 11th line(STYPE=PSC) 

;       [SIZE-D]-j                                                                  ; 12th line(STYPE=PSC) 

;       GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, bMULTI, EsEc-L, EsEc-S             ; 2nd line(STYPE=CMP-

B/I) 

;       SW_i, Hw_i, tw_i, B_i, Bf1_i, tf1_i, B2_i, Bf2_i, tf2_i                     ; 3rd line(STYPE=CMP-

B/I) 

;       SW_j, Hw_j, tw_j, B_j, Bf1_j, tf1_j, B2_j, Bf2_j, tf2_j                     ; 4th line(STYPE=CMP-

B/I) 

;       N1, N2, Hr, Hr2, tr1, tr2                                                   ; 5th line(STYPE=CMP-

B) 

;       GN, CTC, Bc, Tc, Hh, EgdEsb, DgdDsb, Pgd, Psb, bSYM, SW_i, SW_j             ; 2nd line(STYPE=CMP-

CI/CT) 
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;       OPT1, OPT2, [JOINT]                                                         ; 3rd line(STYPE=CMP-

CI/CT) 

;       [SIZE-A]-i                                                                  ; 4th line(STYPE=CMP-

CI/CT) 

;       [SIZE-B]-i                                                                  ; 5th line(STYPE=CMP-

CI/CT) 

;       [SIZE-C]-i                                                                  ; 6th line(STYPE=CMP-

CI/CT) 

;       [SIZE-D]-i                                                                  ; 7th line(STYPE=CMP-

CI/CT) 

;       [SIZE-A]-j                                                                  ; 8th line(STYPE=CMP-

CI/CT) 

;       [SIZE-B]-j                                                                  ; 9th line(STYPE=CMP-

CI/CT) 

;       [SIZE-C]-j                                                                  ; 10th line(STYPE=CMP-

CI/CT) 

;       [SIZE-D]-j                                                                  ; 11th line(STYPE=CMP-

CI/CT) 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, STYPE1, STYPE2                             ; 1st line - CONSTRUCT 

;       SHAPE, ...(same with other type data from shape)                            ; Before (STYPE1) 

;       SHAPE, ...(same with other type data from shape)                            ; After  (STYPE2) 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-B 

;       Hw, tw, B1, Bf1, tf1, B2, Bf2, tf2                                          ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~4)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-I 

;       Hw, tw, B1, tf1, B2, tf2                                                    ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~2)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-TUB 

;       Hw, tw, B1, Bf1, tf1, B2, Bf2, tf2, Bf3, tfp                                ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~3)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-CI/CT 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line 

;       [SIZE-A]                                                                    ; 3rd line 

;       [SIZE-B]                                                                    ; 4th line 

;       [SIZE-C]                                                                    ; 5th line 

;       [SIZE-D]                                                                    ; 6th line 

;       SW, GN, CTC, Bc, Tc, Hh, EgdEsb, DgdDsb, Pgd, Psb                           ; 7th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - PSC 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line 

;       bSHEARCHK, [SCHK], [WT], WIDTH, bSYM, bSIDEHOLE                             ; 3rd line 

;       bUSERDEFMESHSIZE, MESHSIZE, bUSERINPSTIFF, [STIFF]                          ; 4th line 

;       bWE, [WARPING POINT]-i, [WARPING POINT]-j                                   ; 5th line 

;       [SIZE-A]                                                                    ; 6th line 

;       [SIZE-B]                                                                    ; 7th line 

;       [SIZE-C]                                                                    ; 8th line 

;       [SIZE-D]                                                                    ; 9th line 

; [DATA1] : 1, DB, NAME or 2, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10 

; [DATA2] : CCSHAPE or iCEL or iN1, iN2 

; [SRC]  : 1, DB, NAME1, NAME2 or 2, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, iN1, iN2 

; [DIM1], [DIM2] : D1, D2, D3, D4, D5, D6, D7, D8 

; [OFFSET] : OFFSET, iCENT, iREF, iHORZ, HUSER, iVERT, VUSER 

; [OFFSET2]: OFFSET, iCENT, iREF, iHORZ, HUSERI, HUSERJ, iVERT, VUSERI, VUSERJ 

; [SHAPE-NUM]: SHAPE-NUM, POS, STIFF-NUM1, STIFF-NUM2, STIFF-NUM3, STIFF-NUM4 

; [STIFF-SHAPE]: SHAPE-NUM, for(SHAPE-NUM) { NAME, SIZE1~8 } 

; [STIFF-POS]: STIFF-NUM, for(STIFF-NUM) { SPACING, iSHAPE, bCALC } 

; [JOINT]  :  8(1CELL, 2CELL), 13(3CELL),  9(PSCM),  8(PSCH), 9(PSCT),  2(PSCB), 0(nCELL),  2(nCEL2) 

; [SIZE-A] :  6(1CELL, 2CELL), 10(3CELL), 10(PSCM),  6(PSCH), 8(PSCT), 10(PSCB), 5(nCELL), 11(nCEL2) 

; [SIZE-B] :  6(1CELL, 2CELL), 12(3CELL),  6(PSCM),  6(PSCH), 8(PSCT),  6(PSCB), 8(nCELL), 18(nCEL2) 

; [SIZE-C] : 10(1CELL, 2CELL), 13(3CELL),  9(PSCM), 10(PSCH), 7(PSCT),  8(PSCB), 0(nCELL), 11(nCEL2) 

; [SIZE-D] :  8(1CELL, 2CELL), 13(3CELL),  6(PSCM),  7(PSCH), 8(PSCT),  5(PSCB), 0(nCELL), 18(nCEL2) 

; [STIFF]  : AREA, ASy, ASz, Ixx, Iyy, Izz 
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; [SCHK]   : bAUTO_Z1, Z1, bAUTO_Z3, Z3 

; [WT]     : bAUTO_TOR, TOR, bAUTO_SHR1, SHR1, bAUTO_SHR2, SHR2, bAUTO_SHR3, SHR3 

; [CMPWEB] : EFD, LRF, A, B, H, T 

; [WARPING POINT] : nWarpingCheck, X1,X2,X3,X4,X5,X6, Y1,Y2,Y3,Y4,Y5,Y6 

    2, DBUSER    , "1000x600x(7/8\")", CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 1, 0.0222, 0.0222, 

0.9778, 0.0222, 0, 0, 0, 0 

    3, DBUSER    , "500x600x(1\")"   , CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 0.5, 0.0254, 0.0254, 

0.4746, 0.0254, 0, 0, 0, 0 

    4, DBUSER    , "500x600x(7/8\")" , CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 0.5, 0.0222, 0.0222, 

0.4778, 0.0222, 0, 0, 0, 0 

    5, DBUSER    , "500x1600x(1\")"  , CT, 0, 1, 0, 0, 1, 1, YES, NO, B  , 2, 1.6, 0.5, 0.0254, 0.0254, 

0.4746, 0.0254, 0, 0, 0, 0 

    6, DBUSER    , "500x1600x(7/8\")", CT, 0, 1, 0, 0, 1, 1, YES, NO, B  , 2, 1.6, 0.5, 0.0222, 0.0222, 

0.4778, 0.0222, 0, 0, 0, 0 

    7, DBUSER    , W14X53            , CT, 0, 0, 0, 0, 0, 0, YES, NO, H  , 1, AISC10(US), W14X53 

   10, TAPERED   , "F_0.0-0.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   11, TAPERED   , "F_0.0-0.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.788, 0.788, 0.0381, 0.0381, 0.7499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   12, TAPERED   , "F_0.0-1.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.825, 0.825, 0.0381, 0.0381, 0.7869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   13, TAPERED   , "F_0.0-1.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.863, 0.863, 0.0381, 0.0381, 0.8249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   14, TAPERED   , "F_0.0-2.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.9, 0.9, 0.0381, 0.0381, 0.8619, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   15, TAPERED   , "F_0.0-2.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.938, 0.938, 0.0381, 0.0381, 0.8999, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   16, TAPERED   , "F_0.0-3.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.975, 0.975, 0.0381, 0.0381, 0.9369, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   17, TAPERED   , "F_0.0-3.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.013, 1.013, 0.0381, 0.0381, 0.9749, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   18, TAPERED   , "F_0.0-4.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.05, 1.05, 0.0381, 0.0381, 1.0119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   19, TAPERED   , "F_0.0-4.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.088, 1.088, 0.0381, 0.0381, 1.0499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   20, TAPERED   , "F_0.0-5.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.125, 1.125, 0.0381, 0.0381, 1.0869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   21, TAPERED   , "F_0.0-5.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.163, 1.163, 0.0381, 0.0381, 1.1249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   22, TAPERED   , "F_0.0-6.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.2, 1.2, 0.0381, 0.0381, 1.1619, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   23, TAPERED   , "F_0.0-6.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.238, 1.238, 0.0381, 0.0381, 1.1999, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   24, TAPERED   , "F_0.0-7.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.275, 1.275, 0.0381, 0.0381, 1.2369, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   25, TAPERED   , "F_0.0-7.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.313, 1.313, 0.0381, 0.0381, 1.2749, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   26, TAPERED   , "F_0.0-8.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.35, 1.35, 0.0381, 0.0381, 1.3119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   27, TAPERED   , "F_0.0-8.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.388, 1.388, 0.0381, 0.0381, 1.3499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   28, TAPERED   , "F_0.0-9.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.425, 1.425, 0.0381, 0.0381, 1.3869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   29, TAPERED   , "F_0.0-9.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 
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       1.463, 1.463, 0.0381, 0.0381, 1.4249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   31, TAPERED   , "F_R_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0,  0.665, 1.01, 0.0381, 0.0381, 0.9719, 0.0381, 0, 

0 

   32, TAPERED   , "F_R_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.665, 1.01, 0.0381, 0.0381, 0.9719, 0.0381, 0, 0,  0.621, 1.43, 0.0381, 0.0381, 1.3919, 0.0381, 0, 

0 

   33, TAPERED   , "F_R_Inf_b_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.69, 0.69, 0.0445, 0.0445, 0.6455, 0.0445, 0, 0,  0.665, 0.665, 0.0445, 0.0445, 0.6205, 0.0445, 0, 

0 

   34, TAPERED   , "F_R_Sup_b_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.656, 0.656, 0.0445, 0.0445, 0.6115, 0.0445, 0, 0,  0.627, 0.627, 0.0445, 0.0445, 0.5825, 0.0445, 

0, 0 

   35, TAPERED   , "F_R_Sup_c_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.634, 1.33, 0.0381, 0.0381, 1.2919, 0.0381, 0, 0,  0.621, 1.43, 0.0381, 0.0381, 1.3919, 0.0381, 0, 

0 

   36, TAPERED   , "F_R_Sup_d_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.63, 0.63, 0.0445, 0.0445, 0.5855, 0.0445, 0, 0,  0.627, 0.627, 0.0445, 0.0445, 0.5825, 0.0445, 0, 

0 

   41, DBUSER    , C_125x125         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.25, 1.25, 0, 0, 0, 0, 0, 

0, 0, 0 

   42, DBUSER    , C_130x130         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.3, 1.3, 0, 0, 0, 0, 0, 0, 

0, 0 

   43, DBUSER    , C_135x135         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.35, 1.35, 0, 0, 0, 0, 0, 

0, 0, 0 

   44, DBUSER    , C_140x140         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.4, 1.4, 0, 0, 0, 0, 0, 0, 

0, 0 

   45, DBUSER    , C_145x145         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.45, 1.45, 0, 0, 0, 0, 0, 

0, 0, 0 

   46, DBUSER    , C_150x150         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.45, 1.45, 0, 0, 0, 0, 0, 

0, 0, 0 

   47, DBUSER    , C_155x155         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.55, 1.55, 0, 0, 0, 0, 0, 

0, 0, 0 

   48, DBUSER    , C_160x160         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.6, 1.6, 0, 0, 0, 0, 0, 0, 

0, 0 

   49, DBUSER    , C_165x165         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.65, 1.65, 0, 0, 0, 0, 0, 

0, 0, 0 

   50, DBUSER    , C_170x170         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.7, 1.7, 0, 0, 0, 0, 0, 0, 

0, 0 

   51, DBUSER    , C_185(95)x250(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 2.5, 1.85, 0.45, 0.825, 0, 

0, 0, 0, 0, 0 

   52, DBUSER    , C_215(95)x290(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 2.9, 2.15, 0.6, 1.025, 0, 

0, 0, 0, 0, 0 

   53, DBUSER    , C_150(95)x185(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 1.85, 1.5, 0.275, 0.5, 0, 

0, 0, 0, 0, 0 

   54, DBUSER    , C_160x130         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.6, 1.3, 0, 0, 0, 0, 0, 0, 

0, 0 

   55, DBUSER    , C_125x215         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.25, 2.15, 0, 0, 0, 0, 0, 

0, 0, 0 

   61, DBUSER    , Encep_500x150     , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.5, 5, 0, 0, 0, 0, 0, 0, 0, 

0 

   62, DBUSER    , Encep_170x170     , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.7, 1.7, 0, 0, 0, 0, 0, 0, 

0, 0 

   63, DBUSER    , Pilote_1.00       , CC, 0, 0, 0, 0, 0, 0, YES, NO, SR , 2, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0 

   64, DBUSER    , Pilote_1.20       , CC, 0, 0, 0, 0, 0, 0, YES, NO, SR , 2, 1.2, 0, 0, 0, 0, 0, 0, 0, 0, 

0 

   65, DBUSER    , Viga_120x100      , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1, 1.2, 0, 0, 0, 0, 0, 0, 0, 

0 

   71, TAPERED   , "R_Transv_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.625, 0.0381, 0.0381, 0.5869, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

   72, TAPERED   , "R_Long_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.665, 0.0381, 0.0381, 0.6269, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

   73, TAPERED   , "R_Vert_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.621, 0.621, 0.0381, 0.0381, 0.5829, 0.0381, 0, 0,  0.45, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 

0 

  131, TAPERED   , "F_R_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       0.75, 0.75, 0.0286, 0.0286, 0.0381, 0, 0, 0,  1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 56 DE 708 

 

 

  132, TAPERED   , "F_R_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  133, TAPERED   , "F_R_Inf_b_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.21, 0.87, 0.0875, 0.2585, 0.0381, 0, 0, 0,  1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0 

  134, TAPERED   , "F_R_Sup_b_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.59, 1.08, 0.212, 0.4695, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  171, TAPERED   , "R_Transv_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.64, 0.598, 0.0381, 0.0381, 0.5599, 0.0381, 0, 0,  0.4, 0.543, 0.0381, 0.0381, 0.5049, 0.0381, 0, 

0 

  172, TAPERED   , "R_Long_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.58, 0.615, 0.0381, 0.0381, 0.5769, 0.0381, 0, 0,  0.4, 0.568, 0.0381, 0.0381, 0.5299, 0.0381, 0, 

0 

  173, TAPERED   , "R_Transv_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.543, 0.0381, 0.0381, 0.5049, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

  174, TAPERED   , "R_Long_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.568, 0.0381, 0.0381, 0.5299, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

 

*SECT-COLOR 

; iSEC, W_R, W_G, W_B, HF_R, HF_G, HF_B, HE_R, HE_G, HE_B, bBLEND, FACT 

    1, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    2, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    3, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    4, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    5, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    6, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    7, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   10, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   11, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   12, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   13, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   14, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   15, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   16, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   17, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   18, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   19, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   20, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   21, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   22, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   23, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   24, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   25, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   26, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   27, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   28, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   29, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   31, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   32, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   33, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   34, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   35, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   36, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   41, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   42, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   43, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   44, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   45, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   46, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   47, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   48, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   49, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   50, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   51, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   52, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   53, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   54, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   55, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   61, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 57 DE 708 

 

 

   62, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   63, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   64, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   65, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   71, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   72, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   73, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   81, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   91, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  131, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  132, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  133, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  134, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  171, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  172, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  173, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  174, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

 

*SECT-SCALE    ; Section Stiffness Scale Factor 

; iSEC, AREA_SF, ASY_SF, ASZ_SF, IXX_SF, IYY_SF, IZZ_SF, WGT_SF, GROUP, iPart, bDiffIJ ; line 1 

;       J1, J2, J3, J4, J5, J6, J7                                                     ; line 2 

(bDiffIJ=YES) 

   65, 1, 1, 1, 1, 0.5, 1, 1, Relajaciones, 1, NO 

 

*COMP-GEN-SECT-PSC-DESIGN    ; Composite Section for PSC Design 

; SECT, bCompPSC, (Z1, Z2, Z3, t1, t2, t3, TotT)-I, (Z1, Z2, Z3, t1, t2, t3, TotT)-J 

    10, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    11, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    12, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    13, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    14, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    15, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    16, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    17, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    18, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    19, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    20, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    21, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    22, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    23, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    24, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    25, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    26, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    27, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    28, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    29, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    31, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    32, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    33, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    34, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    35, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    36, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    71, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    72, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    73, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

   133, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

   134, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

 

*DGN-SECT 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, [DATA1], [DATA2]                    ; 1st line - DB/USER 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, BLT, D1, ..., D8, iCEL              ; 1st line - VALUE 

;       AREA, ASy, ASz, Ixx, Iyy, Izz                                               ; 2nd line 

;       CyP, CyM, CzP, CzM, QyB, QzB, PERI_OUT, PERI_IN, Cy, Cz                     ; 3rd line 

;       Y1, Y2, Y3, Y4, Z1, Z2, Z3, Z4, Zyy, Zzz                                    ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, ELAST, DEN, POIS, POIC, SF, THERMAL ; 1st line - SRC 

;       D1, D2, [SRC]                                                               ; 2nd line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, 1, DB, NAME1, NAME2, D1, D2         ; 1st line - COMBINED 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, 2, D11, D12, D13, D14, D15, D21, D22, D23, D24 
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; iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, STYPE                ; 1st line - TAPERED 

;       DB, NAME1, NAME2                                                            ; 2nd line(STYPE=DB) 

;       [DIM1], [DIM2]                                                              ; 2nd line(STYPE=USER) 

;       D11, D12, D13, D14, D15, D16, D17, D18                                      ; 2nd 

line(STYPE=VALUE) 

;       AREA1, ASy1, ASz1, Ixx1, Iyy1, Izz1                                         ; 3rd 

line(STYPE=VALUE) 

;       CyP1, CyM1, CzP1, CzM1, QyB1, QzB1, PERI_OUT1, PERI_IN1, Cy1, Cz1           ; 4th 

line(STYPE=VALUE) 

;       Y11, Y12, Y13, Y14, Z11, Z12, Z13, Z14, Zyy1, Zyy2                          ; 5th 

line(STYPE=VALUE) 

;       D21, D22, D23, D24, D25, D26, D27, D28                                      ; 6th 

line(STYPE=VALUE) 

;       AREA2, ASy2, ASz2, Ixx2, Iyy2, Izz2                                         ; 7th 

line(STYPE=VALUE) 

;       CyP2, CyM2, CzP2, CzM2, QyB2, QzB2, PERI_OUT2, PERI_IN2, Cy2, Cz2           ; 8th 

line(STYPE=VALUE) 

;       Y21, Y22, Y23, Y24, Z21, Z22, Z23, Z24, Zyy2, Zzz2                          ; 9th 

line(STYPE=VALUE) 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line(STYPE=PSC) 

;       ELAST, DEN, POIS, POIC, THERMAL                                             ; 2nd line(STYPE=PSC-

CMPW) 

;       bSHEARCHK, [SCHK-I], [SCHK-J], [WT-I], [WT-J], WI, WJ, bSYM, bSIDEHOLE      ; 3rd line(STYPE=PSC) 

;       bSHEARCHK, bSYM, bHUNCH, [CMPWEB-I], [CMPWEB-J]                             ; 3rd line(STYPE=PSC-

CMPW) 

;       bUSERDEFMESHSIZE, MESHSIZE, bUSERINPSTIFF, [STIFF-I], [STIFF-J]             ; 4th line(STYPE=PSC) 

;       [SIZE-A]-i                                                                  ; 5th line(STYPE=PSC) 

;       [SIZE-B]-i                                                                  ; 6th line(STYPE=PSC) 

;       [SIZE-C]-i                                                                  ; 7th line(STYPE=PSC) 

;       [SIZE-D]-i                                                                  ; 8th line(STYPE=PSC) 

;       [SIZE-A]-j                                                                  ; 9th line(STYPE=PSC) 

;       [SIZE-B]-j                                                                  ; 10th line(STYPE=PSC) 

;       [SIZE-C]-j                                                                  ; 11th line(STYPE=PSC) 

;       [SIZE-D]-j                                                                  ; 12th line(STYPE=PSC) 

;       GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, bMULTI, EsEc-L, EsEc-S             ; 2nd line(STYPE=CMP-

B/I) 

;       SW_i, Hw_i, tw_i, B_i, Bf1_i, tf1_i, B2_i, Bf2_i, tf2_i                     ; 3rd line(STYPE=CMP-

B/I) 

;       SW_j, Hw_j, tw_j, B_j, Bf1_j, tf1_j, B2_j, Bf2_j, tf2_j                     ; 4th line(STYPE=CMP-

B/I) 

;       N1, N2, Hr, Hr2, tr1, tr2                                                   ; 5th line(STYPE=CMP-

B) 

;       GN, CTC, Bc, Tc, Hh, EgdEsb, DgdDsb, Pgd, Psb, bSYM, SW_i, SW_j             ; 2nd line(STYPE=CMP-

CI/CT) 

;       OPT1, OPT2, [JOINT]                                                         ; 3rd line(STYPE=CMP-

CI/CT) 

;       [SIZE-A]-i                                                                  ; 4th line(STYPE=CMP-

CI/CT) 

;       [SIZE-B]-i                                                                  ; 5th line(STYPE=CMP-

CI/CT) 

;       [SIZE-C]-i                                                                  ; 6th line(STYPE=CMP-

CI/CT) 

;       [SIZE-D]-i                                                                  ; 7th line(STYPE=CMP-

CI/CT) 

;       [SIZE-A]-j                                                                  ; 8th line(STYPE=CMP-

CI/CT) 

;       [SIZE-B]-j                                                                  ; 9th line(STYPE=CMP-

CI/CT) 

;       [SIZE-C]-j                                                                  ; 10th line(STYPE=CMP-

CI/CT) 

;       [SIZE-D]-j                                                                  ; 11th line(STYPE=CMP-

CI/CT) 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, STYPE1, STYPE2                             ; 1st line - CONSTRUCT 

;       SHAPE, ...(same with other type data from shape)                            ; Before (STYPE1) 

;       SHAPE, ...(same with other type data from shape)                            ; After  (STYPE2) 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-B 

;       Hw, tw, B1, Bf1, tf1, B2, Bf2, tf2                                          ; 2nd line 
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;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~4)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-I 

;       Hw, tw, B1, tf1, B2, tf2                                                    ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~2)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-TUB 

;       Hw, tw, B1, Bf1, tf1, B2, Bf2, tf2, Bf3, tfp                                ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~3)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-CI/CT 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line 

;       [SIZE-A]                                                                    ; 3rd line 

;       [SIZE-B]                                                                    ; 4th line 

;       [SIZE-C]                                                                    ; 5th line 

;       [SIZE-D]                                                                    ; 6th line 

;       SW, GN, CTC, Bc, Tc, Hh, EgdEsb, DgdDsb, Pgd, Psb                           ; 7th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - PSC 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line 

;       bSHEARCHK, [SCHK], [WT], WIDTH, bSYM, bSIDEHOLE                             ; 3rd line 

;       bUSERDEFMESHSIZE, MESHSIZE, bUSERINPSTIFF, [STIFF]                          ; 4th line 

;       bWE, [WARPING POINT]-i, [WARPING POINT]-j                                   ; 5th line 

;       [SIZE-A]                                                                    ; 6th line 

;       [SIZE-B]                                                                    ; 7th line 

;       [SIZE-C]                                                                    ; 8th line 

;       [SIZE-D]                                                                    ; 9th line 

; [DATA1] : 1, DB, NAME or 2, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10 

; [DATA2] : CCSHAPE or iCEL or iN1, iN2 

; [SRC]  : 1, DB, NAME1, NAME2 or 2, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, iN1, iN2 

; [DIM1], [DIM2] : D1, D2, D3, D4, D5, D6, D7, D8 

; [OFFSET] : OFFSET, iCENT, iREF, iHORZ, HUSER, iVERT, VUSER 

; [OFFSET2]: OFFSET, iCENT, iREF, iHORZ, HUSERI, HUSERJ, iVERT, VUSERI, VUSERJ 

; [SHAPE-NUM]: SHAPE-NUM, POS, STIFF-NUM1, STIFF-NUM2, STIFF-NUM3, STIFF-NUM4 

; [STIFF-SHAPE]: SHAPE-NUM, for(SHAPE-NUM) { NAME, SIZE1~8 } 

; [STIFF-POS]: STIFF-NUM, for(STIFF-NUM) { SPACING, iSHAPE, bCALC } 

; [JOINT]  :  8(1CELL, 2CELL), 13(3CELL),  9(PSCM),  8(PSCH), 9(PSCT),  2(PSCB), 0(nCELL),  2(nCEL2) 

; [SIZE-A] :  6(1CELL, 2CELL), 10(3CELL), 10(PSCM),  6(PSCH), 8(PSCT), 10(PSCB), 5(nCELL), 11(nCEL2) 

; [SIZE-B] :  6(1CELL, 2CELL), 12(3CELL),  6(PSCM),  6(PSCH), 8(PSCT),  6(PSCB), 8(nCELL), 18(nCEL2) 

; [SIZE-C] : 10(1CELL, 2CELL), 13(3CELL),  9(PSCM), 10(PSCH), 7(PSCT),  8(PSCB), 0(nCELL), 11(nCEL2) 

; [SIZE-D] :  8(1CELL, 2CELL), 13(3CELL),  6(PSCM),  7(PSCH), 8(PSCT),  5(PSCB), 0(nCELL), 18(nCEL2) 

; [STIFF]  : AREA, ASy, ASz, Ixx, Iyy, Izz 

; [SCHK]   : bAUTO_Z1, Z1, bAUTO_Z3, Z3 

; [WT]     : bAUTO_TOR, TOR, bAUTO_SHR1, SHR1, bAUTO_SHR2, SHR2, bAUTO_SHR3, SHR3 

; [CMPWEB] : EFD, LRF, A, B, H, T 

; [WARPING POINT] : nWarpingCheck, X1,X2,X3,X4,X5,X6, Y1,Y2,Y3,Y4,Y5,Y6 

    2, DBUSER    , "1000x600x(7/8\")", CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 1, 0.0222, 0.0222, 

0.9778, 0.0222, 0, 0, 0, 0 

    3, DBUSER    , "500x600x(1\")"   , CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 0.5, 0.0254, 0.0254, 

0.4746, 0.0254, 0, 0, 0, 0 

    4, DBUSER    , "500x600x(7/8\")" , CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 0.5, 0.0222, 0.0222, 

0.4778, 0.0222, 0, 0, 0, 0 

    5, DBUSER    , "500x1600x(1\")"  , CT, 0, 1, 0, 0, 1, 1, YES, NO, B  , 2, 1.6, 0.5, 0.0254, 0.0254, 

0.4746, 0.0254, 0, 0, 0, 0 

    6, DBUSER    , "500x1600x(7/8\")", CT, 0, 1, 0, 0, 1, 1, YES, NO, B  , 2, 1.6, 0.5, 0.0222, 0.0222, 

0.4778, 0.0222, 0, 0, 0, 0 

    7, DBUSER    , W14X53            , CT, 0, 0, 0, 0, 0, 0, YES, NO, H  , 1, AISC10(US), W14X53 

   10, TAPERED   , "F_0.0-0.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   11, TAPERED   , "F_0.0-0.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.788, 0.788, 0.0381, 0.0381, 0.7499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   12, TAPERED   , "F_0.0-1.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.825, 0.825, 0.0381, 0.0381, 0.7869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   13, TAPERED   , "F_0.0-1.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 
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       0.863, 0.863, 0.0381, 0.0381, 0.8249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   14, TAPERED   , "F_0.0-2.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.9, 0.9, 0.0381, 0.0381, 0.8619, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   15, TAPERED   , "F_0.0-2.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.938, 0.938, 0.0381, 0.0381, 0.8999, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   16, TAPERED   , "F_0.0-3.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.975, 0.975, 0.0381, 0.0381, 0.9369, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   17, TAPERED   , "F_0.0-3.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.013, 1.013, 0.0381, 0.0381, 0.9749, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   18, TAPERED   , "F_0.0-4.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.05, 1.05, 0.0381, 0.0381, 1.0119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   19, TAPERED   , "F_0.0-4.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.088, 1.088, 0.0381, 0.0381, 1.0499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   20, TAPERED   , "F_0.0-5.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.125, 1.125, 0.0381, 0.0381, 1.0869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   21, TAPERED   , "F_0.0-5.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.163, 1.163, 0.0381, 0.0381, 1.1249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   22, TAPERED   , "F_0.0-6.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.2, 1.2, 0.0381, 0.0381, 1.1619, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   23, TAPERED   , "F_0.0-6.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.238, 1.238, 0.0381, 0.0381, 1.1999, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   24, TAPERED   , "F_0.0-7.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.275, 1.275, 0.0381, 0.0381, 1.2369, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   25, TAPERED   , "F_0.0-7.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.313, 1.313, 0.0381, 0.0381, 1.2749, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   26, TAPERED   , "F_0.0-8.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.35, 1.35, 0.0381, 0.0381, 1.3119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   27, TAPERED   , "F_0.0-8.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.388, 1.388, 0.0381, 0.0381, 1.3499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   28, TAPERED   , "F_0.0-9.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.425, 1.425, 0.0381, 0.0381, 1.3869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   29, TAPERED   , "F_0.0-9.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.463, 1.463, 0.0381, 0.0381, 1.4249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   31, TAPERED   , "F_R_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0,  0.665, 1.01, 0.0381, 0.0381, 0.9719, 0.0381, 0, 

0 

   32, TAPERED   , "F_R_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.665, 1.01, 0.0381, 0.0381, 0.9719, 0.0381, 0, 0,  0.621, 1.43, 0.0381, 0.0381, 1.3919, 0.0381, 0, 

0 

   33, TAPERED   , "F_R_Inf_b_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.69, 0.69, 0.0445, 0.0445, 0.6455, 0.0445, 0, 0,  0.665, 0.665, 0.0445, 0.0445, 0.6205, 0.0445, 0, 

0 

   34, TAPERED   , "F_R_Sup_b_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.656, 0.656, 0.0445, 0.0445, 0.6115, 0.0445, 0, 0,  0.627, 0.627, 0.0445, 0.0445, 0.5825, 0.0445, 

0, 0 

   35, TAPERED   , "F_R_Sup_c_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.634, 1.33, 0.0381, 0.0381, 1.2919, 0.0381, 0, 0,  0.621, 1.43, 0.0381, 0.0381, 1.3919, 0.0381, 0, 

0 

   36, TAPERED   , "F_R_Sup_d_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.63, 0.63, 0.0445, 0.0445, 0.5855, 0.0445, 0, 0,  0.627, 0.627, 0.0445, 0.0445, 0.5825, 0.0445, 0, 

0 

   41, DBUSER    , C_125x125         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.25, 1.25, 0, 0, 0, 0, 0, 

0, 0, 0 

   42, DBUSER    , C_130x130         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.3, 1.3, 0, 0, 0, 0, 0, 0, 

0, 0 
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   43, DBUSER    , C_135x135         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.35, 1.35, 0, 0, 0, 0, 0, 

0, 0, 0 

   44, DBUSER    , C_140x140         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.4, 1.4, 0, 0, 0, 0, 0, 0, 

0, 0 

   45, DBUSER    , C_145x145         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.45, 1.45, 0, 0, 0, 0, 0, 

0, 0, 0 

   46, DBUSER    , C_150x150         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.45, 1.45, 0, 0, 0, 0, 0, 

0, 0, 0 

   47, DBUSER    , C_155x155         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.55, 1.55, 0, 0, 0, 0, 0, 

0, 0, 0 

   48, DBUSER    , C_160x160         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.6, 1.6, 0, 0, 0, 0, 0, 0, 

0, 0 

   49, DBUSER    , C_165x165         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.65, 1.65, 0, 0, 0, 0, 0, 

0, 0, 0 

   50, DBUSER    , C_170x170         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.7, 1.7, 0, 0, 0, 0, 0, 0, 

0, 0 

   51, DBUSER    , C_185(95)x250(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 2.5, 1.85, 0.45, 0.825, 0, 

0, 0, 0, 0, 0 

   52, DBUSER    , C_215(95)x290(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 2.9, 2.15, 0.6, 1.025, 0, 

0, 0, 0, 0, 0 

   53, DBUSER    , C_150(95)x185(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 1.85, 1.5, 0.275, 0.5, 0, 

0, 0, 0, 0, 0 

   54, DBUSER    , C_160x130         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.6, 1.3, 0, 0, 0, 0, 0, 0, 

0, 0 

   55, DBUSER    , C_125x215         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.25, 2.15, 0, 0, 0, 0, 0, 

0, 0, 0 

   61, DBUSER    , Encep_500x150     , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.5, 5, 0, 0, 0, 0, 0, 0, 0, 

0 

   62, DBUSER    , Encep_170x170     , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.7, 1.7, 0, 0, 0, 0, 0, 0, 

0, 0 

   63, DBUSER    , Pilote_1.00       , CC, 0, 0, 0, 0, 0, 0, YES, NO, SR , 2, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0 

   64, DBUSER    , Pilote_1.20       , CC, 0, 0, 0, 0, 0, 0, YES, NO, SR , 2, 1.2, 0, 0, 0, 0, 0, 0, 0, 0, 

0 

   65, DBUSER    , Viga_120x100      , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1, 1.2, 0, 0, 0, 0, 0, 0, 0, 

0 

   71, TAPERED   , "R_Transv_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.625, 0.0381, 0.0381, 0.5869, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

   72, TAPERED   , "R_Long_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.665, 0.0381, 0.0381, 0.6269, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

   73, TAPERED   , "R_Vert_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.621, 0.621, 0.0381, 0.0381, 0.5829, 0.0381, 0, 0,  0.45, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 

0 

  131, TAPERED   , "F_R_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       0.75, 0.75, 0.0286, 0.0286, 0.0381, 0, 0, 0,  1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0 

  132, TAPERED   , "F_R_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  133, TAPERED   , "F_R_Inf_b_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.21, 0.87, 0.0875, 0.2585, 0.0381, 0, 0, 0,  1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0 

  134, TAPERED   , "F_R_Sup_b_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.59, 1.08, 0.212, 0.4695, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  171, TAPERED   , "R_Transv_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.64, 0.598, 0.0381, 0.0381, 0.5599, 0.0381, 0, 0,  0.4, 0.543, 0.0381, 0.0381, 0.5049, 0.0381, 0, 

0 

  172, TAPERED   , "R_Long_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.58, 0.615, 0.0381, 0.0381, 0.5769, 0.0381, 0, 0,  0.4, 0.568, 0.0381, 0.0381, 0.5299, 0.0381, 0, 

0 

  173, TAPERED   , "R_Transv_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.543, 0.0381, 0.0381, 0.5049, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

  174, TAPERED   , "R_Long_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.568, 0.0381, 0.0381, 0.5299, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

 

*DGN-SECT-PSCVALUE    ; Design Section of PSC Value 

; SECT=iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, bBU, bEQ, SNAME2(PSC VAL)   ; 1st line 

;      [STIFF1]                                                                  ; 2nd line 

;      [STIFF2]                                                                  ; 3rd line 

;      [STIFF3]                                                                  ; 4th line 

;      T1, T2, BT, HT                                                            ; 5th line(PSC) 

;      bSHEARCHK, [SCHK], [WT]                                                   ; 6th line(PSC) 
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;      SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc                               ; 7th line(COMPOSITE-PC) 

;      OPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Outer Polygon(PLANE) 

;      IPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Inner Polygon(PLANE) 

;      ... 

;      IPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Inner Polygon(PLANE) 

;      VERTEX=X1, Y1, X2, Y2, ..., Xn, Yn                                        ; Vertex(General-LINE) 

;      LINE=VI1, VJ1, dTHIK1, iALIGN1                                            ; Line(General-LINE) 

;      ... 

;      LINE=VIn, VJn, dTHIKn, iALIGNn                                            ; Line(General-LINE) 

;      LOOP=COUNT1, LIX11, LIX12, ..., LIXn                                      ; Line(General-LINE) 

;      ... 

;      LOOP=COUNTn, LIXn1, LIXn2, ..., LIXnn                                     ; Line(General-LINE) 

; SECT=iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, bEQ          ; 1st line - TAPERED 

;      [STIFF1-I]                                                                ; 2nd line 

;      [STIFF2-I]                                                                ; 3rd line 

;      [STIFF3-I]                                                                ; 4th line 

;      [STIFF1-J]                                                                ; 5th line 

;      [STIFF2-J]                                                                ; 6th line 

;      [STIFF3-J]                                                                ; 7th line 

;      T1-I, T2-I, BT-I, HT-I, T1-J, T2-J, BT-J, HT-J                            ; 8th line(PSC) 

;      bSHEARCHK, [SCHK-I], [WT-I], [SCHK-J], [WT-J]                             ; 9rd line(PSC) 

;      OPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Outer Polygon(PLANE) 

;      IPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Inner Polygon(PLANE) 

;      ... 

;      IPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Inner Polygon(PLANE) 

;      VERTEX=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                    ; Vertex(General-LINE) 

;      LINE=bI, VI1, VJ1, dTHIK1, iALIGN1                                        ; Line(General-LINE) 

;      ... 

;      LINE=bI, VIn, VJn, dTHIKn, iALIGNn                                        ; Line(General-LINE) 

;      LOOP=bI, COUNT1, LIX11, LIX12, ..., LIXn                                  ; Line(General-LINE) 

;      ... 

;      LOOP=bI, COUNTn, LIXn1, LIXn2, ..., LIXnn                                 ; Line(General-LINE) 

; SECT=iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, bBU, bEQ, BPRT              ; 1st line - COMPOSITE-

GEN 

;      [PART1]                                                                   ; 2nd line 

;      [PART2]                                                                   ; 3rd line 

;      ... 

; SECT=iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, bEQ, PARTNUM ; 1st line - COMPOSITE-

GEN(TAPERED) 

;      [PART1]-I                                                                 ; 2nd line 

;      [PART2]-I                                                                 ; next lines 

;      ... 

;      [PART1]-J                                                                 ; next lines 

;      [PART2]-J                                                                 ; next lines 

;      ... 

; [OFFSET] : OFFSET, iCENT, iREF, iHORZ, HUSER, iVERT, VUSER 

; [OFFSET2]: OFFSET, iCENT, iREF, iHORZ, HUSERI, HUSERJ, iVERT, VUSERI, VUSERJ 

; [STIFF1] : AREA, ASy, ASz, Ixx, Iyy, Izz 

; [STIFF2] ; Cyp, Cym, Czp, Czm, Qyb, Qzb, PERI_OUT, PERI_IN, Cy, Cz 

; [STIFF3] ; Y1, Y2, Y3, Y4, Z1, Z2, Z3, Z4 

; [SCHK]   : Z1, Z3, bAUTO_QY1, QY1, bAUTO_QY2, QY2, bAUTO_QY3, QY3 

; [WT]     : TOR, bAUTO_SHR1, SHR1, bAUTO_SHR2, SHR2, bAUTO_SHR3, SHR3 

; [PART] : PART=part_num 

;        : [STIFF1] 

;        : [STIFF2] 

;        : [STIFF3] 

;        : [STIFF1]                                                            ; [STIFF1] of Part Sum. 

;        : [STIFF2]                                                            ; [STIFF2] of Part Sum. 

;        : [STIFF3]                                                            ; [STIFF3] of Part Sum. 

;        : OPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Outer Polygon(PLANE) 

;        : IPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Inner Polygon(PLANE) 

;        : ... 

;        : IPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Inner Polygon(PLANE) 

;        : VERTEX=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                    ; Vertex(General-LINE) 

;        : LINE=(bI-Tapered), VI1, VJ1, dTHIK1, iALIGN1                        ; Line(General-LINE) 

;        : ... 

;        : LINE=(bI-Tapered), VIn, VJn, dTHIKn, iALIGNn                        ; Line(General-LINE) 

;        : LOOP=(bI-Tapered), COUNT1, LIX11, LIX12, ..., LIXn                  ; Line(General-LINE) 
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;        : ... 

;        : LOOP=(bI-Tapered), COUNTn, LIXn1, LIXn2, ..., LIXnn                 ; Line(General-LINE) 

 SECT=   1, VALUE     , Rigid             , CC, 0, 0, 0, 0, 0, 0, NO, NO, GEN, YES, YES 

       2.25, 1.875, 1.875, 0.711914, 0.421875, 0.421875 

       0.75, 0.75, 0.75, 0.75, 0.28125, 0.28125, 6, 0, 0.75, 0.75 

       0, 0, 0, 0, 0, 0, 0, 0 

 SECT=  81, VALUE     , Diafragma         , CC, 0, 0, 0, 0, 0, 0, YES, NO, GEN, YES, YES 

       0.3145, 0.262083, 0.262083, 0.00285429, 0.000757421, 0.089698 

       0.925, 0.925, 0.085, 0.085, 0.0036, 0.4278, 4.04, 0, 0.925, 0.085 

       -0.925, 0.925, 0.925, -0.925, 0.085, 0.085, -0.085, -0.085 

 SECT=  91, VALUE     , Aux               , CC, 0, 0, 0, 0, 0, 0, YES, NO, GEN, YES, YES 

       0.0001, 8.33333e-005, 8.33333e-005, 1.40625e-009, 8.33333e-010, 8.33333e-010 

       0.005, 0.005, 0.005, 0.005, 1.25e-005, 1.25e-005, 0.04, 0, 0.005, 0.005 

       -0.005, 0.005, 0.005, -0.005, 0.005, 0.005, -0.005, -0.005 

 

*STLDCASE    ; Static Load Cases 

; LCNAME, LCTYPE, DESC 

   Peso propio, DC, Peso propio 

   Peso lastres, DC, Peso lastres 

   Barandilla y luminarias, DW, Barandilla y luminarias 

   Pavimento estructural, DC, Pavimento estructural 

   Pavimento no estructural, DW, Pavimento no estructural 

   Pretensado, PS, Pretensado 

   PL01d_ext, L , Sobrecarga Peatonal 01d_ext 

   PL01i_ext, L , Sobrecarga Peatonal 01i_ext 

   PL01d_int, L , Sobrecarga Peatonal 01d_int 

   PL01i_int, L , Sobrecarga Peatonal 01i_int 

   PL02d_ext, L , Sobrecarga Peatonal 02d_ext 

   PL02i_ext, L , Sobrecarga Peatonal 02i_ext 

   PL02d_int, L , Sobrecarga Peatonal 02d_int 

   PL02i_int, L , Sobrecarga Peatonal 02i_int 

   PL03d_ext, L , Sobrecarga Peatonal 03d_ext 

   PL03i_ext, L , Sobrecarga Peatonal 03i_ext 

   PL03d_int, L , Sobrecarga Peatonal 03d_int 

   PL03i_int, L , Sobrecarga Peatonal 03i_int 

   PL04d_ext, L , Sobrecarga Peatonal 04d_ext 

   PL04i_ext, L , Sobrecarga Peatonal 04i_ext 

   PL04d_int, L , Sobrecarga Peatonal 04d_int 

   PL04i_int, L , Sobrecarga Peatonal 04i_int 

   PL05d_ext, L , Sobrecarga Peatonal 05d_ext 

   PL05i_ext, L , Sobrecarga Peatonal 05i_ext 

   PL05d_int, L , Sobrecarga Peatonal 05d_int 

   PL05i_int, L , Sobrecarga Peatonal 05i_int 

   PL06d_ext, L , Sobrecarga Peatonal 06d_ext 

   PL06i_ext, L , Sobrecarga Peatonal 06i_ext 

   PL06d_int, L , Sobrecarga Peatonal 06d_int 

   PL06i_int, L , Sobrecarga Peatonal 06i_int 

   PL07d_ext, L , Sobrecarga Peatonal 07d_ext 

   PL07i_ext, L , Sobrecarga Peatonal 07i_ext 

   PL07d_int, L , Sobrecarga Peatonal 07d_int 

   PL07i_int, L , Sobrecarga Peatonal 07i_int 

   PL08d_ext, L , Sobrecarga Peatonal 08d_ext 

   PL08i_ext, L , Sobrecarga Peatonal 08i_ext 

   PL08d_int, L , Sobrecarga Peatonal 08d_int 

   PL08i_int, L , Sobrecarga Peatonal 08i_int 

   PL09d_ext, L , Sobrecarga Peatonal 09d_ext 

   PL09i_ext, L , Sobrecarga Peatonal 09i_ext 

   PL09d_int, L , Sobrecarga Peatonal 09d_int 

   PL09i_int, L , Sobrecarga Peatonal 09i_int 

   PL10d_ext, L , Sobrecarga Peatonal 10d_ext 

   PL10i_ext, L , Sobrecarga Peatonal 10i_ext 

   PL10d_int, L , Sobrecarga Peatonal 10d_int 

   PL10i_int, L , Sobrecarga Peatonal 10i_int 

   WS+X , W , Viento estructura +X 

   WS-X , W , Viento estructura -X 

   WS+Y , W , Viento estructura +Y 

   WS-Y , W , Viento estructura -Y 

   WS+Z+Y, W , Viento estructura +Z+Y 
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   WS-Z+Y, W , Viento estructura -Z+Y 

   WS+Z-Y, W , Viento estructura +Z-Y 

   WS-Z-Y, W , Viento estructura -Z-Y 

   TU+  , T , TU+ 

   TU-  , T , TU- 

   TG+  , T , TG+ 

   TG-  , T , TG- 

   SE01a, STL, Asiento en alineación 01a 

   SE01b, STL, Asiento en alineación 01b 

   SE02a, STL, Asiento en alineación 02a 

   SE02b, STL, Asiento en alineación 02b 

   SE03a, STL, Asiento en alineación 03a 

   SE03b, STL, Asiento en alineación 03b 

   SE04a, STL, Asiento en alineación 04a 

   SE04b, STL, Asiento en alineación 04b 

   SE05a, STL, Asiento en alineación 05a 

   SE05b, STL, Asiento en alineación 05b 

   SE06a, STL, Asiento en alineación 06a 

   SE06b, STL, Asiento en alineación 06b 

   SE07a, STL, Asiento en alineación 07a 

   SE07b, STL, Asiento en alineación 07b 

   SE08a, STL, Asiento en alineación 08a 

   SE08b, STL, Asiento en alineación 08b 

   SE09a, STL, Asiento en alineación 09a 

   SE09b, STL, Asiento en alineación 09b 

   SE10a, STL, Asiento en alineación 10a 

   SE10b, STL, Asiento en alineación 10b 

   SE11a, STL, Asiento en alineación 11a 

   SE11b, STL, Asiento en alineación 11b 

   Aux  , USER, Carga auxiliar 

 

 

*DGN-CONC    ; Concrete Design Code 

; CODE=CODE, RHOC, RHOR, RHOW, MRF, SHR-RATIO { , METHOD, A1, A2, A2_COLM, bSCWB }     ; line 1 

; [ACI318-89]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V                       ; line 2 

; [ACI318-95]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V                       ; line 2 

; [ACI318-99]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V                       ; line 2 

; [ACI318-02]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB      ; line 2 

; [ACI318-05]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB      ; line 2 

; [ACI318-08]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, BNDR-MTHD, CD, 

IE, FRMTYPE, 2NDGRUP, RHOS, bTOR, TRFT; line 2 

; [ACI318-11]     : bCHEKCBEAM, bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, 

BNDR-MTHD, CD, IE, FRMTYPE, 2NDGRUP, RHOS, bTOR, TRFT; line 2 

; [ACI318-14]     : bCHEKCBEAM, bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, 

BNDR-MTHD, CD, IE, FRMTYPE, 2NDGRUP, RHOS, bTOR, TRFT, bBC-JOINT; line 2 

; [ACI318M-14]    : bCHEKCBEAM, bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, 

BNDR-MTHD, CD, IE, FRMTYPE, 2NDGRUP, RHOS, bTOR, TRFT, bBC-JOINT; line 2 

; [NSR-10]        : bCHEKCBEAM, bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, 

BNDR-MTHD, CD, IE, FRMTYPE, 2NDGRUP, RHOS, bBC-JOINT; line 2 

; [AIK-USD94]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V                       ; line 2 

; [TWN-USD92]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, bTOR, TRFT, SCWB     ; line 2 

; [TWN-USD100]    : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, bTOR, TRFT, SCWB     ; line 2 

; [KCI-USD99]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB      ; line 2 

; [KCI-USD03]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB      ; line 2 

; [KCI-USD07]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, BNDR-MTHD, CD, 

IE, FRMTYPE, 2NDGRUP, bTOR, TRFT; line 2 

; [KCI-USD12]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, BNDR-MTHD, CD, 

IE, EXPOSURE, FRMTYPE, 2NDGRUP, bTOR, TRFT; line 2 

; [BS8110-97]     : GAMMA-MC, GAMMA-MS, GAMMA-MV                                       ; line 2 

; [EUROCODE2]     : GAMMA-CF, GAMMA-CA, GAMMA-SF, GAMMA-SA, iSCODE                     ; line 2 

; [EUROCODE2:04]  : GAMMA-CF, GAMMA-CA, GAMMA-SF, GAMMA-SA, ALPHACC, iSCODE,           ; line 2 

;                   bRULE, WEAK-FACT, iDUC, GAMMA-RD-B, GAMMA-RD-C, S-GRUP             ; line 2 

;                   FRAMETYPE, AUA1, SPLCK, SOILFACTOR, TB, TC, TD, AGR, I, DAMPINGRAT, BCJOINT, NTC2008, 

UF, GAMMA-RD-W, GAMMA-RD-J ; line 2 

;                   STRUT-ANG, bBEHAVIOR-FACT, BEHAVIOR-FACT-VALUE_q, BEHAVIOR-FACT-VALUE_qo, iNTC, 

bVCWALL, bVCCOLM, dPHIEF, bAUTOA, bAUTOC, A, B, C, bTOR    ; line 2 

;                   bSHELL, dSHELLHORIZ, DSHELLVERT    ; line 2 
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; [EUROCODE2-2:05]: GAMMA-CF, GAMMA-CA, GAMMA-SF, GAMMA-SA, GAMMA_CL, GAMMA_SL, ALPHACC, iSCODE, STRUT-

ANG,; line 2 

;                   bSHELL, dSHELLHORIZ, DSHELLVERT    ; line 2 

; [IS456:2000]    : bSPECIAL, GAMMA-C, GAMMA-S, FOS, SubRex                            ; line 2 

; [GB50010-02]    : bSPECIAL, GAMMA-C, GAMMA-S, KIND, iSlabType                        ; line 2 

; [GB50010-10]    : bSPECIAL, GAMMA-C, GAMMA-S, KIND, iSlabType, bTOR, TRFT            ; line 2 

; [CSA-A23.3-94]  : bSPECIAL, PHI-C, PHI-S, PHI-M                                      ; line 2 

; [AIK-WSD2K]     : bSPECIAL                                                           ; line 2 

; [AIJ-WSD99]     : bSPECIAL, KIND                                                     ; line 2 

; [AASHTO-LRFD12] : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V, KIND                ; line 2 

; [AASHTO-LRFD02] : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V, KIND                ; line 2 

; [AASHTO-LFD96]  : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                      ; line 2 

; [KSCE-USD05]    : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                      ; line 2 

; [KSCE-USD96]    : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                      ; line 2 

; [KSCE-RAIL-USE04] : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                    ; line 2 

; [TWN-BRG-LSD90] : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                      ; line 2 

; [JTJ023-85]     : GAMMA-C, GAMMA-S, KIND                                             ; line 2 

; [CSA-S6-00]     : bSPECIAL, PHI-C, PHI-S, KIND                                       ; line 2 

; [CSA-S6-14]     : bSPECIAL, PHI-C, PHI-S, KIND                                       ; line 2 

; [IRC:21-2000]   : GAMMA-C, GAMMA-S                                                   ; line 2 

; [SNiP 2.05.03-84*]  : nBRIDGE, bmb7mb8, mb7mb8Type, mb7, mb8, bmb9, mb9Type, mb9     ; line 2 

; [SP 35.13330.2011]  : nBRIDGE, bmb7mb8, mb7mb8Type, mb7, mb8, bmb9, mb9Type, mb9     ; line 2 

; Member Check    : bBEAM, bCOLM, bBRCE, bWALL, bSLAB, bMAT, bRBEAM, bRCOLM, bRBRCE, bRWALL, bRSLAB, 

bRMAT, bSBEAM, bCANTIL, bUNDER-BM/COLM 

   CODE=AASHTO-LRFD12, 0, 0, 0, 1, 0, , , , ,  

   NO, 0, 0, 0, 0, 0, 0 

   YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, 0 

 

*CONSTRAINT    ; Supports 

; NODE_LIST, CONST(Dx,Dy,Dz,Rx,Ry,Rz), GROUP 

   111146 111246 112142 112242 113037 114036 115033 , 001000, Cimentaciones 

   116135 116235 117138 117238 118137 118237 129036 , 001000, Cimentaciones 

   139036, 001000, Cimentaciones 

   100, 111111, Cimentaciones 

 

*SPRING    ; Point Spring Supports 

; NODE_LIST, Type, F_SDx, F_SDy, F_SDz, F_SRx, F_SRy, F_SRz, SDx, SDy, SDz, SRx, SRy, SRz ... 

;                  DAMPING, Cx, Cy, Cz, CRx, CRy, CRz, GROUP, [DATA1]                                ; 

LINEAR 

; NODE_LIST, Type, Direction, Vx, Vy, Vz, Stiffness, GROUP, [DATA1]                                  ; 

COMP, TENS 

; NODE_LIST, Type, Direction, Vx, Vy, Vz, FUNCTION, GROUP, [DATA1]                                   ; 

MULTI 

; [DATA1] EFFAREA, Kx, Ky, Kz 

   129013 , LINEAR, NO, NO, NO, NO, NO, NO, 14255, 9693, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139013, LINEAR, NO, NO, NO, NO, NO, NO, 14255, 9693, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113004, LINEAR, NO, NO, NO, NO, NO, NO, 1922, 1922, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 0, 

0, 0, 0 

   129030 , LINEAR, NO, NO, NO, NO, NO, NO, 13860, 9425, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   139030, LINEAR, NO, NO, NO, NO, NO, NO, 13860, 9425, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   129029 , LINEAR, NO, NO, NO, NO, NO, NO, 13808, 9389, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   139029, LINEAR, NO, NO, NO, NO, NO, NO, 13808, 9389, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   129028 , LINEAR, NO, NO, NO, NO, NO, NO, 13756, 9354, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   139028, LINEAR, NO, NO, NO, NO, NO, NO, 13756, 9354, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113014, LINEAR, NO, NO, NO, NO, NO, NO, 7432, 7432, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 0, 

0, 0, 0 

   129002 , LINEAR, NO, NO, NO, NO, NO, NO, 1321, 898, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139002, LINEAR, NO, NO, NO, NO, NO, NO, 1321, 898, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   117127 , LINEAR, NO, NO, NO, NO, NO, NO, 24794, 24794, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117227 , LINEAR, NO, NO, NO, NO, NO, NO, 24794, 24794, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   118126 , LINEAR, NO, NO, NO, NO, NO, NO, 24794, 24794, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   118226, LINEAR, NO, NO, NO, NO, NO, NO, 24794, 24794, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117126 , LINEAR, NO, NO, NO, NO, NO, NO, 24282, 24282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117226 , LINEAR, NO, NO, NO, NO, NO, NO, 24282, 24282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   118125 , LINEAR, NO, NO, NO, NO, NO, NO, 24282, 24282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   118225, LINEAR, NO, NO, NO, NO, NO, NO, 24282, 24282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114036 , LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115033 , LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116135 , LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116235 , LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117138 , LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117238 , LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118137 , LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118237, LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114025 , LINEAR, NO, NO, NO, NO, NO, NO, 24232, 24232, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115022 , LINEAR, NO, NO, NO, NO, NO, NO, 24232, 24232, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116124 , LINEAR, NO, NO, NO, NO, NO, NO, 24232, 24232, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116224, LINEAR, NO, NO, NO, NO, NO, NO, 24232, 24232, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113037, LINEAR, NO, NO, NO, NO, NO, NO, 24047, 24047, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113026, LINEAR, NO, NO, NO, NO, NO, NO, 24666, 24666, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113025, LINEAR, NO, NO, NO, NO, NO, NO, 24156, 24156, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112142 , LINEAR, NO, NO, NO, NO, NO, NO, 24104, 24104, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112242, LINEAR, NO, NO, NO, NO, NO, NO, 24104, 24104, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111146 , LINEAR, NO, NO, NO, NO, NO, NO, 24061, 24061, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111246, LINEAR, NO, NO, NO, NO, NO, NO, 24061, 24061, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111114 , LINEAR, NO, NO, NO, NO, NO, NO, 14179, 14179, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111214, LINEAR, NO, NO, NO, NO, NO, NO, 14179, 14179, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   117111 , LINEAR, NO, NO, NO, NO, NO, NO, 6575, 6575, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117211 , LINEAR, NO, NO, NO, NO, NO, NO, 6575, 6575, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118110 , LINEAR, NO, NO, NO, NO, NO, NO, 6575, 6575, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118210, LINEAR, NO, NO, NO, NO, NO, NO, 6575, 6575, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114010 , LINEAR, NO, NO, NO, NO, NO, NO, 7522, 7522, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   115007 , LINEAR, NO, NO, NO, NO, NO, NO, 7522, 7522, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116109 , LINEAR, NO, NO, NO, NO, NO, NO, 7522, 7522, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116209, LINEAR, NO, NO, NO, NO, NO, NO, 7522, 7522, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114004 , LINEAR, NO, NO, NO, NO, NO, NO, 3598, 3598, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116103 , LINEAR, NO, NO, NO, NO, NO, NO, 3598, 3598, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116203, LINEAR, NO, NO, NO, NO, NO, NO, 3598, 3598, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112105 , LINEAR, NO, NO, NO, NO, NO, NO, 5543, 5543, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112205, LINEAR, NO, NO, NO, NO, NO, NO, 5543, 5543, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112103 , LINEAR, NO, NO, NO, NO, NO, NO, 4552, 4552, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112203, LINEAR, NO, NO, NO, NO, NO, NO, 4552, 4552, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111110 , LINEAR, NO, NO, NO, NO, NO, NO, 9561, 9561, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111210, LINEAR, NO, NO, NO, NO, NO, NO, 9561, 9561, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   129005 , LINEAR, NO, NO, NO, NO, NO, NO, 3483, 2368, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139005, LINEAR, NO, NO, NO, NO, NO, NO, 3483, 2368, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117107 , LINEAR, NO, NO, NO, NO, NO, NO, 4433, 4433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117207 , LINEAR, NO, NO, NO, NO, NO, NO, 4433, 4433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118106 , LINEAR, NO, NO, NO, NO, NO, NO, 4433, 4433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118206, LINEAR, NO, NO, NO, NO, NO, NO, 4433, 4433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114035 , LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115032 , LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116134 , LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116234 , LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117137 , LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117237 , LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118136 , LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118236, LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114034 , LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115031 , LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116133 , LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116233 , LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117136 , LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117236 , LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118135 , LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118235, LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 
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   112141 , LINEAR, NO, NO, NO, NO, NO, NO, 48180, 48180, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112241, LINEAR, NO, NO, NO, NO, NO, NO, 48180, 48180, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112140 , LINEAR, NO, NO, NO, NO, NO, NO, 48144, 48144, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112240, LINEAR, NO, NO, NO, NO, NO, NO, 48144, 48144, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112139 , LINEAR, NO, NO, NO, NO, NO, NO, 48108, 48108, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112239, LINEAR, NO, NO, NO, NO, NO, NO, 48108, 48108, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112138 , LINEAR, NO, NO, NO, NO, NO, NO, 48072, 48072, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112238, LINEAR, NO, NO, NO, NO, NO, NO, 48072, 48072, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112137 , LINEAR, NO, NO, NO, NO, NO, NO, 48036, 48036, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112237, LINEAR, NO, NO, NO, NO, NO, NO, 48036, 48036, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112136 , LINEAR, NO, NO, NO, NO, NO, NO, 48000, 48000, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112236, LINEAR, NO, NO, NO, NO, NO, NO, 48000, 48000, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112130 , LINEAR, NO, NO, NO, NO, NO, NO, 28937, 28937, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112230, LINEAR, NO, NO, NO, NO, NO, NO, 28937, 28937, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112129 , LINEAR, NO, NO, NO, NO, NO, NO, 28339, 28339, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112229, LINEAR, NO, NO, NO, NO, NO, NO, 28339, 28339, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112125 , LINEAR, NO, NO, NO, NO, NO, NO, 28851, 28851, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112225, LINEAR, NO, NO, NO, NO, NO, NO, 28851, 28851, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112114 , LINEAR, NO, NO, NO, NO, NO, NO, 18178, 18178, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   112214, LINEAR, NO, NO, NO, NO, NO, NO, 18178, 18178, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   112108 , LINEAR, NO, NO, NO, NO, NO, NO, 7450, 7450, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112208, LINEAR, NO, NO, NO, NO, NO, NO, 7450, 7450, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111144 , LINEAR, NO, NO, NO, NO, NO, NO, 48122, 48122, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111145 , LINEAR, NO, NO, NO, NO, NO, NO, 48122, 48122, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111244 , LINEAR, NO, NO, NO, NO, NO, NO, 48122, 48122, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111245, LINEAR, NO, NO, NO, NO, NO, NO, 48122, 48122, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111143 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111243 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113034to113036 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, 

Estrato_Tb-3, 0, 0, 0, 0, 0 

   114033 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115030 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116132 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116232 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117135 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 
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   117235 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118134 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118234, LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111142 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111242 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113033 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114032 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115029 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116131 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116231 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117134 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117234 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118133 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118233, LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111141 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111241 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113032 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114031 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115028 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116130 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116230 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117133 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117233 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118132 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   118232, LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   111138 , LINEAR, NO, NO, NO, NO, NO, NO, 28846, 28846, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111238, LINEAR, NO, NO, NO, NO, NO, NO, 28846, 28846, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111106 , LINEAR, NO, NO, NO, NO, NO, NO, 6447, 6447, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111206, LINEAR, NO, NO, NO, NO, NO, NO, 6447, 6447, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117113 , LINEAR, NO, NO, NO, NO, NO, NO, 8007, 8007, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117213 , LINEAR, NO, NO, NO, NO, NO, NO, 8007, 8007, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118112 , LINEAR, NO, NO, NO, NO, NO, NO, 8007, 8007, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118212, LINEAR, NO, NO, NO, NO, NO, NO, 8007, 8007, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117106 , LINEAR, NO, NO, NO, NO, NO, NO, 4018, 4018, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   117206 , LINEAR, NO, NO, NO, NO, NO, NO, 4018, 4018, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118105 , LINEAR, NO, NO, NO, NO, NO, NO, 4018, 4018, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118205, LINEAR, NO, NO, NO, NO, NO, NO, 4018, 4018, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   115002, LINEAR, NO, NO, NO, NO, NO, NO, 2024, 2024, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112110 , LINEAR, NO, NO, NO, NO, NO, NO, 9072, 9072, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112210, LINEAR, NO, NO, NO, NO, NO, NO, 9072, 9072, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112104 , LINEAR, NO, NO, NO, NO, NO, NO, 5023, 5023, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112204, LINEAR, NO, NO, NO, NO, NO, NO, 5023, 5023, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112112 , LINEAR, NO, NO, NO, NO, NO, NO, 11048, 11048, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   112212, LINEAR, NO, NO, NO, NO, NO, NO, 11048, 11048, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111134 , LINEAR, NO, NO, NO, NO, NO, NO, 31875, 31875, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111234, LINEAR, NO, NO, NO, NO, NO, NO, 31875, 31875, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111133 , LINEAR, NO, NO, NO, NO, NO, NO, 31216, 31216, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111233, LINEAR, NO, NO, NO, NO, NO, NO, 31216, 31216, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111115 , LINEAR, NO, NO, NO, NO, NO, NO, 15647, 15647, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111215, LINEAR, NO, NO, NO, NO, NO, NO, 15647, 15647, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111112 , LINEAR, NO, NO, NO, NO, NO, NO, 11644, 11644, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111212, LINEAR, NO, NO, NO, NO, NO, NO, 11644, 11644, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   129036 , LINEAR, NO, NO, NO, NO, NO, NO, 20072, 13649, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   139036, LINEAR, NO, NO, NO, NO, NO, NO, 20072, 13649, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   129035 , LINEAR, NO, NO, NO, NO, NO, NO, 40120, 27282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   139035, LINEAR, NO, NO, NO, NO, NO, NO, 40120, 27282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   129034 , LINEAR, NO, NO, NO, NO, NO, NO, 40090, 27261, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   139034, LINEAR, NO, NO, NO, NO, NO, NO, 40090, 27261, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   129033 , LINEAR, NO, NO, NO, NO, NO, NO, 40060, 27241, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   139033, LINEAR, NO, NO, NO, NO, NO, NO, 40060, 27241, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   129032 , LINEAR, NO, NO, NO, NO, NO, NO, 40030, 27220, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   139032, LINEAR, NO, NO, NO, NO, NO, NO, 40030, 27220, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   129031 , LINEAR, NO, NO, NO, NO, NO, NO, 40000, 27200, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   139031, LINEAR, NO, NO, NO, NO, NO, NO, 40000, 27200, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   129026 , LINEAR, NO, NO, NO, NO, NO, NO, 20836, 14168, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   139026, LINEAR, NO, NO, NO, NO, NO, NO, 20836, 14168, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   129025 , LINEAR, NO, NO, NO, NO, NO, NO, 20405, 13875, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   139025, LINEAR, NO, NO, NO, NO, NO, NO, 20405, 13875, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 
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   112133 , LINEAR, NO, NO, NO, NO, NO, NO, 30808, 30808, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112233, LINEAR, NO, NO, NO, NO, NO, NO, 30808, 30808, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112132 , LINEAR, NO, NO, NO, NO, NO, NO, 30171, 30171, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112232, LINEAR, NO, NO, NO, NO, NO, NO, 30171, 30171, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112111 , LINEAR, NO, NO, NO, NO, NO, NO, 10012, 10012, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   112211, LINEAR, NO, NO, NO, NO, NO, NO, 10012, 10012, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111132 , LINEAR, NO, NO, NO, NO, NO, NO, 30571, 30571, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111232, LINEAR, NO, NO, NO, NO, NO, NO, 30571, 30571, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111111 , LINEAR, NO, NO, NO, NO, NO, NO, 10551, 10551, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111211, LINEAR, NO, NO, NO, NO, NO, NO, 10551, 10551, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   112126 , LINEAR, NO, NO, NO, NO, NO, NO, 26619, 26619, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112226, LINEAR, NO, NO, NO, NO, NO, NO, 26619, 26619, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113003, LINEAR, NO, NO, NO, NO, NO, NO, 1830, 1830, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 0, 

0, 0, 0 

   129020 , LINEAR, NO, NO, NO, NO, NO, NO, 24081, 16375, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139020, LINEAR, NO, NO, NO, NO, NO, NO, 24081, 16375, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117119 , LINEAR, NO, NO, NO, NO, NO, NO, 24728, 24728, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117219 , LINEAR, NO, NO, NO, NO, NO, NO, 24728, 24728, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118118 , LINEAR, NO, NO, NO, NO, NO, NO, 24728, 24728, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118218, LINEAR, NO, NO, NO, NO, NO, NO, 24728, 24728, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114018 , LINEAR, NO, NO, NO, NO, NO, NO, 24945, 24945, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115015 , LINEAR, NO, NO, NO, NO, NO, NO, 24945, 24945, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116117 , LINEAR, NO, NO, NO, NO, NO, NO, 24945, 24945, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116217, LINEAR, NO, NO, NO, NO, NO, NO, 24945, 24945, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113018, LINEAR, NO, NO, NO, NO, NO, NO, 24753, 24753, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112115 , LINEAR, NO, NO, NO, NO, NO, NO, 24529, 24529, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112215, LINEAR, NO, NO, NO, NO, NO, NO, 24529, 24529, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111126 , LINEAR, NO, NO, NO, NO, NO, NO, 44666, 44666, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111226, LINEAR, NO, NO, NO, NO, NO, NO, 44666, 44666, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117128 , LINEAR, NO, NO, NO, NO, NO, NO, 23838, 23838, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117228 , LINEAR, NO, NO, NO, NO, NO, NO, 23838, 23838, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   118127 , LINEAR, NO, NO, NO, NO, NO, NO, 23838, 23838, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   118227, LINEAR, NO, NO, NO, NO, NO, NO, 23838, 23838, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117125 , LINEAR, NO, NO, NO, NO, NO, NO, 23780, 23780, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117225 , LINEAR, NO, NO, NO, NO, NO, NO, 23780, 23780, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 
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   118124 , LINEAR, NO, NO, NO, NO, NO, NO, 23780, 23780, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   118224, LINEAR, NO, NO, NO, NO, NO, NO, 23780, 23780, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114024 , LINEAR, NO, NO, NO, NO, NO, NO, 23731, 23731, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115021 , LINEAR, NO, NO, NO, NO, NO, NO, 23731, 23731, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116123 , LINEAR, NO, NO, NO, NO, NO, NO, 23731, 23731, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116223, LINEAR, NO, NO, NO, NO, NO, NO, 23731, 23731, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114023 , LINEAR, NO, NO, NO, NO, NO, NO, 23241, 23241, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115020 , LINEAR, NO, NO, NO, NO, NO, NO, 23241, 23241, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116122 , LINEAR, NO, NO, NO, NO, NO, NO, 23241, 23241, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116222, LINEAR, NO, NO, NO, NO, NO, NO, 23241, 23241, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113024, LINEAR, NO, NO, NO, NO, NO, NO, 23657, 23657, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113023, LINEAR, NO, NO, NO, NO, NO, NO, 23168, 23168, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111137 , LINEAR, NO, NO, NO, NO, NO, NO, 33935, 33935, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111237, LINEAR, NO, NO, NO, NO, NO, NO, 33935, 33935, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111136 , LINEAR, NO, NO, NO, NO, NO, NO, 33234, 33234, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111236, LINEAR, NO, NO, NO, NO, NO, NO, 33234, 33234, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   129010 , LINEAR, NO, NO, NO, NO, NO, NO, 5700, 3876, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139010, LINEAR, NO, NO, NO, NO, NO, NO, 5700, 3876, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113009, LINEAR, NO, NO, NO, NO, NO, NO, 5773, 5773, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113007, LINEAR, NO, NO, NO, NO, NO, NO, 4741, 4741, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112107 , LINEAR, NO, NO, NO, NO, NO, NO, 6751, 6751, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112207, LINEAR, NO, NO, NO, NO, NO, NO, 6751, 6751, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111103 , LINEAR, NO, NO, NO, NO, NO, NO, 4797, 4797, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111203, LINEAR, NO, NO, NO, NO, NO, NO, 4797, 4797, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117102 , LINEAR, NO, NO, NO, NO, NO, NO, 1286, 1286, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 

0, 0, 0, 0 

   117202, LINEAR, NO, NO, NO, NO, NO, NO, 1286, 1286, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 0, 

0, 0, 0 

   129008 , LINEAR, NO, NO, NO, NO, NO, NO, 4680, 3182, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139008, LINEAR, NO, NO, NO, NO, NO, NO, 4680, 3182, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116102 , LINEAR, NO, NO, NO, NO, NO, NO, 1662, 1662, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116202, LINEAR, NO, NO, NO, NO, NO, NO, 1662, 1662, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113005 , LINEAR, NO, NO, NO, NO, NO, NO, 3641, 3641, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117105 , LINEAR, NO, NO, NO, NO, NO, NO, 3641, 3641, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117205 , LINEAR, NO, NO, NO, NO, NO, NO, 3641, 3641, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118104 , LINEAR, NO, NO, NO, NO, NO, NO, 3641, 3641, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   118204, LINEAR, NO, NO, NO, NO, NO, NO, 3641, 3641, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111109 , LINEAR, NO, NO, NO, NO, NO, NO, 8664, 8664, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111209, LINEAR, NO, NO, NO, NO, NO, NO, 8664, 8664, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   129019 , LINEAR, NO, NO, NO, NO, NO, NO, 22621, 15382, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139019, LINEAR, NO, NO, NO, NO, NO, NO, 22621, 15382, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117132 , LINEAR, NO, NO, NO, NO, NO, NO, 32324, 32324, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117232 , LINEAR, NO, NO, NO, NO, NO, NO, 32324, 32324, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   118131 , LINEAR, NO, NO, NO, NO, NO, NO, 32324, 32324, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   118231, LINEAR, NO, NO, NO, NO, NO, NO, 32324, 32324, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117114 , LINEAR, NO, NO, NO, NO, NO, NO, 12724, 12724, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   117214 , LINEAR, NO, NO, NO, NO, NO, NO, 12724, 12724, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   118113 , LINEAR, NO, NO, NO, NO, NO, NO, 12724, 12724, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   118213, LINEAR, NO, NO, NO, NO, NO, NO, 12724, 12724, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   114030 , LINEAR, NO, NO, NO, NO, NO, NO, 32283, 32283, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115027 , LINEAR, NO, NO, NO, NO, NO, NO, 32283, 32283, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116129 , LINEAR, NO, NO, NO, NO, NO, NO, 32283, 32283, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116229, LINEAR, NO, NO, NO, NO, NO, NO, 32283, 32283, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114022 , LINEAR, NO, NO, NO, NO, NO, NO, 22760, 22760, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115019 , LINEAR, NO, NO, NO, NO, NO, NO, 22760, 22760, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116121 , LINEAR, NO, NO, NO, NO, NO, NO, 22760, 22760, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116221, LINEAR, NO, NO, NO, NO, NO, NO, 22760, 22760, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113031, LINEAR, NO, NO, NO, NO, NO, NO, 32315, 32315, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113027, LINEAR, NO, NO, NO, NO, NO, NO, 22227, 22227, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113022, LINEAR, NO, NO, NO, NO, NO, NO, 22690, 22690, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112113 , LINEAR, NO, NO, NO, NO, NO, NO, 12192, 12192, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   112213, LINEAR, NO, NO, NO, NO, NO, NO, 12192, 12192, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111140 , LINEAR, NO, NO, NO, NO, NO, NO, 32720, 32720, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   111240, LINEAR, NO, NO, NO, NO, NO, NO, 32720, 32720, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   111135 , LINEAR, NO, NO, NO, NO, NO, NO, 32547, 32547, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111235, LINEAR, NO, NO, NO, NO, NO, NO, 32547, 32547, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111125 , LINEAR, NO, NO, NO, NO, NO, NO, 42763, 42763, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111225, LINEAR, NO, NO, NO, NO, NO, NO, 42763, 42763, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111118 , LINEAR, NO, NO, NO, NO, NO, NO, 22627, 22627, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111218, LINEAR, NO, NO, NO, NO, NO, NO, 22627, 22627, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 74 DE 708 

 

 

   111113 , LINEAR, NO, NO, NO, NO, NO, NO, 12849, 12849, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111213, LINEAR, NO, NO, NO, NO, NO, NO, 12849, 12849, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   129023 , LINEAR, NO, NO, NO, NO, NO, NO, 23953, 16288, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139023, LINEAR, NO, NO, NO, NO, NO, NO, 23953, 16288, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117118 , LINEAR, NO, NO, NO, NO, NO, NO, 23027, 23027, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117218 , LINEAR, NO, NO, NO, NO, NO, NO, 23027, 23027, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118117 , LINEAR, NO, NO, NO, NO, NO, NO, 23027, 23027, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118217, LINEAR, NO, NO, NO, NO, NO, NO, 23027, 23027, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114017 , LINEAR, NO, NO, NO, NO, NO, NO, 23242, 23242, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115014 , LINEAR, NO, NO, NO, NO, NO, NO, 23242, 23242, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116116 , LINEAR, NO, NO, NO, NO, NO, NO, 23242, 23242, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116216, LINEAR, NO, NO, NO, NO, NO, NO, 23242, 23242, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114011 , LINEAR, NO, NO, NO, NO, NO, NO, 13549, 13549, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115008 , LINEAR, NO, NO, NO, NO, NO, NO, 13549, 13549, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116110 , LINEAR, NO, NO, NO, NO, NO, NO, 13549, 13549, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116210, LINEAR, NO, NO, NO, NO, NO, NO, 13549, 13549, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113017, LINEAR, NO, NO, NO, NO, NO, NO, 23053, 23053, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112120 , LINEAR, NO, NO, NO, NO, NO, NO, 33332, 33332, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112220, LINEAR, NO, NO, NO, NO, NO, NO, 33332, 33332, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111129 , LINEAR, NO, NO, NO, NO, NO, NO, 43144, 43144, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111229, LINEAR, NO, NO, NO, NO, NO, NO, 43144, 43144, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111120 , LINEAR, NO, NO, NO, NO, NO, NO, 33492, 33492, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111220, LINEAR, NO, NO, NO, NO, NO, NO, 33492, 33492, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   129006 , LINEAR, NO, NO, NO, NO, NO, NO, 3843, 2613, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139006, LINEAR, NO, NO, NO, NO, NO, NO, 3843, 2613, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   129003 , LINEAR, NO, NO, NO, NO, NO, NO, 2860, 1945, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139003, LINEAR, NO, NO, NO, NO, NO, NO, 2860, 1945, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117108 , LINEAR, NO, NO, NO, NO, NO, NO, 4892, 4892, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117208 , LINEAR, NO, NO, NO, NO, NO, NO, 4892, 4892, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118107 , LINEAR, NO, NO, NO, NO, NO, NO, 4892, 4892, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118207, LINEAR, NO, NO, NO, NO, NO, NO, 4892, 4892, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114009 , LINEAR, NO, NO, NO, NO, NO, NO, 5889, 5889, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   115006 , LINEAR, NO, NO, NO, NO, NO, NO, 5889, 5889, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116108 , LINEAR, NO, NO, NO, NO, NO, NO, 5889, 5889, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   116208, LINEAR, NO, NO, NO, NO, NO, NO, 5889, 5889, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114007 , LINEAR, NO, NO, NO, NO, NO, NO, 4836, 4836, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   115004 , LINEAR, NO, NO, NO, NO, NO, NO, 4836, 4836, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116106 , LINEAR, NO, NO, NO, NO, NO, NO, 4836, 4836, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116206, LINEAR, NO, NO, NO, NO, NO, NO, 4836, 4836, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111108 , LINEAR, NO, NO, NO, NO, NO, NO, 7851, 7851, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111208, LINEAR, NO, NO, NO, NO, NO, NO, 7851, 7851, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111105 , LINEAR, NO, NO, NO, NO, NO, NO, 5842, 5842, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111205, LINEAR, NO, NO, NO, NO, NO, NO, 5842, 5842, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117109 , LINEAR, NO, NO, NO, NO, NO, NO, 5399, 5399, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117209 , LINEAR, NO, NO, NO, NO, NO, NO, 5399, 5399, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118108 , LINEAR, NO, NO, NO, NO, NO, NO, 5399, 5399, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118208, LINEAR, NO, NO, NO, NO, NO, NO, 5399, 5399, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114008 , LINEAR, NO, NO, NO, NO, NO, NO, 5337, 5337, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   115005 , LINEAR, NO, NO, NO, NO, NO, NO, 5337, 5337, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116107 , LINEAR, NO, NO, NO, NO, NO, NO, 5337, 5337, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116207, LINEAR, NO, NO, NO, NO, NO, NO, 5337, 5337, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114006 , LINEAR, NO, NO, NO, NO, NO, NO, 4382, 4382, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   115003 , LINEAR, NO, NO, NO, NO, NO, NO, 4382, 4382, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116105 , LINEAR, NO, NO, NO, NO, NO, NO, 4382, 4382, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116205, LINEAR, NO, NO, NO, NO, NO, NO, 4382, 4382, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112124 , LINEAR, NO, NO, NO, NO, NO, NO, 40709, 40709, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112224, LINEAR, NO, NO, NO, NO, NO, NO, 40709, 40709, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111124 , LINEAR, NO, NO, NO, NO, NO, NO, 40876, 40876, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111224, LINEAR, NO, NO, NO, NO, NO, NO, 40876, 40876, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   129009 , LINEAR, NO, NO, NO, NO, NO, NO, 5165, 3512, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139009, LINEAR, NO, NO, NO, NO, NO, NO, 5165, 3512, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   129004 , LINEAR, NO, NO, NO, NO, NO, NO, 3156, 2146, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139004, LINEAR, NO, NO, NO, NO, NO, NO, 3156, 2146, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112106 , LINEAR, NO, NO, NO, NO, NO, NO, 6117, 6117, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112206, LINEAR, NO, NO, NO, NO, NO, NO, 6117, 6117, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112102 , LINEAR, NO, NO, NO, NO, NO, NO, 2103, 2103, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112202, LINEAR, NO, NO, NO, NO, NO, NO, 2103, 2103, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111107 , LINEAR, NO, NO, NO, NO, NO, NO, 7114, 7114, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   111207, LINEAR, NO, NO, NO, NO, NO, NO, 7114, 7114, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   129018 , LINEAR, NO, NO, NO, NO, NO, NO, 21179, 14402, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139018, LINEAR, NO, NO, NO, NO, NO, NO, 21179, 14402, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117124 , LINEAR, NO, NO, NO, NO, NO, NO, 31867, 31867, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117224 , LINEAR, NO, NO, NO, NO, NO, NO, 31867, 31867, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118123 , LINEAR, NO, NO, NO, NO, NO, NO, 31867, 31867, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118223, LINEAR, NO, NO, NO, NO, NO, NO, 31867, 31867, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117123 , LINEAR, NO, NO, NO, NO, NO, NO, 31741, 31741, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117223 , LINEAR, NO, NO, NO, NO, NO, NO, 31741, 31741, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118122 , LINEAR, NO, NO, NO, NO, NO, NO, 31741, 31741, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118222, LINEAR, NO, NO, NO, NO, NO, NO, 31741, 31741, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117117 , LINEAR, NO, NO, NO, NO, NO, NO, 21350, 21350, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117217 , LINEAR, NO, NO, NO, NO, NO, NO, 21350, 21350, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118116 , LINEAR, NO, NO, NO, NO, NO, NO, 21350, 21350, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118216, LINEAR, NO, NO, NO, NO, NO, NO, 21350, 21350, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114016 , LINEAR, NO, NO, NO, NO, NO, NO, 21562, 21562, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115013 , LINEAR, NO, NO, NO, NO, NO, NO, 21562, 21562, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116115 , LINEAR, NO, NO, NO, NO, NO, NO, 21562, 21562, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116215, LINEAR, NO, NO, NO, NO, NO, NO, 21562, 21562, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113016, LINEAR, NO, NO, NO, NO, NO, NO, 21375, 21375, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112119 , LINEAR, NO, NO, NO, NO, NO, NO, 31532, 31532, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112219, LINEAR, NO, NO, NO, NO, NO, NO, 31532, 31532, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111119 , LINEAR, NO, NO, NO, NO, NO, NO, 31691, 31691, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111219, LINEAR, NO, NO, NO, NO, NO, NO, 31691, 31691, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   129015 , LINEAR, NO, NO, NO, NO, NO, NO, 16963, 11535, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139015, LINEAR, NO, NO, NO, NO, NO, NO, 16963, 11535, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117131 , LINEAR, NO, NO, NO, NO, NO, NO, 16607, 16607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117231 , LINEAR, NO, NO, NO, NO, NO, NO, 16607, 16607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   118130 , LINEAR, NO, NO, NO, NO, NO, NO, 16607, 16607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   118230, LINEAR, NO, NO, NO, NO, NO, NO, 16607, 16607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117130 , LINEAR, NO, NO, NO, NO, NO, NO, 16545, 16545, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117230 , LINEAR, NO, NO, NO, NO, NO, NO, 16545, 16545, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   118129 , LINEAR, NO, NO, NO, NO, NO, NO, 16545, 16545, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   118229, LINEAR, NO, NO, NO, NO, NO, NO, 16545, 16545, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 
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   117129 , LINEAR, NO, NO, NO, NO, NO, NO, 16481, 16481, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117229 , LINEAR, NO, NO, NO, NO, NO, NO, 16481, 16481, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   118128 , LINEAR, NO, NO, NO, NO, NO, NO, 16481, 16481, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   118228, LINEAR, NO, NO, NO, NO, NO, NO, 16481, 16481, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117120 , LINEAR, NO, NO, NO, NO, NO, NO, 26450, 26450, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117220 , LINEAR, NO, NO, NO, NO, NO, NO, 26450, 26450, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118119 , LINEAR, NO, NO, NO, NO, NO, NO, 26450, 26450, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118219, LINEAR, NO, NO, NO, NO, NO, NO, 26450, 26450, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114029 , LINEAR, NO, NO, NO, NO, NO, NO, 16523, 16523, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115026 , LINEAR, NO, NO, NO, NO, NO, NO, 16523, 16523, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116128 , LINEAR, NO, NO, NO, NO, NO, NO, 16523, 16523, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116228, LINEAR, NO, NO, NO, NO, NO, NO, 16523, 16523, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114028 , LINEAR, NO, NO, NO, NO, NO, NO, 16458, 16458, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115025 , LINEAR, NO, NO, NO, NO, NO, NO, 16458, 16458, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116127 , LINEAR, NO, NO, NO, NO, NO, NO, 16458, 16458, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116227, LINEAR, NO, NO, NO, NO, NO, NO, 16458, 16458, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114027 , LINEAR, NO, NO, NO, NO, NO, NO, 16392, 16392, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115024 , LINEAR, NO, NO, NO, NO, NO, NO, 16392, 16392, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116126 , LINEAR, NO, NO, NO, NO, NO, NO, 16392, 16392, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116226, LINEAR, NO, NO, NO, NO, NO, NO, 16392, 16392, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114019 , LINEAR, NO, NO, NO, NO, NO, NO, 26670, 26670, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115016 , LINEAR, NO, NO, NO, NO, NO, NO, 26670, 26670, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116118 , LINEAR, NO, NO, NO, NO, NO, NO, 26670, 26670, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116218, LINEAR, NO, NO, NO, NO, NO, NO, 26670, 26670, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114013 , LINEAR, NO, NO, NO, NO, NO, NO, 16670, 16670, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115010 , LINEAR, NO, NO, NO, NO, NO, NO, 16670, 16670, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116112 , LINEAR, NO, NO, NO, NO, NO, NO, 16670, 16670, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116212, LINEAR, NO, NO, NO, NO, NO, NO, 16670, 16670, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113030, LINEAR, NO, NO, NO, NO, NO, NO, 16588, 16588, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113029, LINEAR, NO, NO, NO, NO, NO, NO, 16525, 16525, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113028, LINEAR, NO, NO, NO, NO, NO, NO, 16460, 16460, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113019, LINEAR, NO, NO, NO, NO, NO, NO, 26476, 26476, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112122 , LINEAR, NO, NO, NO, NO, NO, NO, 36986, 36986, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112222, LINEAR, NO, NO, NO, NO, NO, NO, 36986, 36986, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 
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   112116 , LINEAR, NO, NO, NO, NO, NO, NO, 26248, 26248, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112216, LINEAR, NO, NO, NO, NO, NO, NO, 26248, 26248, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111127 , LINEAR, NO, NO, NO, NO, NO, NO, 46584, 46584, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111227, LINEAR, NO, NO, NO, NO, NO, NO, 46584, 46584, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   129016 , LINEAR, NO, NO, NO, NO, NO, NO, 18349, 12477, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139016, LINEAR, NO, NO, NO, NO, NO, NO, 18349, 12477, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117121 , LINEAR, NO, NO, NO, NO, NO, NO, 28193, 28193, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117221 , LINEAR, NO, NO, NO, NO, NO, NO, 28193, 28193, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118120 , LINEAR, NO, NO, NO, NO, NO, NO, 28193, 28193, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118220, LINEAR, NO, NO, NO, NO, NO, NO, 28193, 28193, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117115 , LINEAR, NO, NO, NO, NO, NO, NO, 18070, 18070, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117215 , LINEAR, NO, NO, NO, NO, NO, NO, 18070, 18070, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118114 , LINEAR, NO, NO, NO, NO, NO, NO, 18070, 18070, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118214, LINEAR, NO, NO, NO, NO, NO, NO, 18070, 18070, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114021 , LINEAR, NO, NO, NO, NO, NO, NO, 28898, 28898, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115018 , LINEAR, NO, NO, NO, NO, NO, NO, 28898, 28898, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116120 , LINEAR, NO, NO, NO, NO, NO, NO, 28898, 28898, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116220, LINEAR, NO, NO, NO, NO, NO, NO, 28898, 28898, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114020 , LINEAR, NO, NO, NO, NO, NO, NO, 28416, 28416, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115017 , LINEAR, NO, NO, NO, NO, NO, NO, 28416, 28416, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116119 , LINEAR, NO, NO, NO, NO, NO, NO, 28416, 28416, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116219, LINEAR, NO, NO, NO, NO, NO, NO, 28416, 28416, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114014 , LINEAR, NO, NO, NO, NO, NO, NO, 18275, 18275, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115011 , LINEAR, NO, NO, NO, NO, NO, NO, 18275, 18275, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116113 , LINEAR, NO, NO, NO, NO, NO, NO, 18275, 18275, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116213, LINEAR, NO, NO, NO, NO, NO, NO, 18275, 18275, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113020, LINEAR, NO, NO, NO, NO, NO, NO, 28219, 28219, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112123 , LINEAR, NO, NO, NO, NO, NO, NO, 38839, 38839, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112223, LINEAR, NO, NO, NO, NO, NO, NO, 38839, 38839, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111128 , LINEAR, NO, NO, NO, NO, NO, NO, 48517, 48517, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111228, LINEAR, NO, NO, NO, NO, NO, NO, 48517, 48517, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   129024 , LINEAR, NO, NO, NO, NO, NO, NO, 19983, 13588, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   139024, LINEAR, NO, NO, NO, NO, NO, NO, 19983, 13588, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   129022 , LINEAR, NO, NO, NO, NO, NO, NO, 27050, 18394, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 
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   139022, LINEAR, NO, NO, NO, NO, NO, NO, 27050, 18394, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114026 , LINEAR, NO, NO, NO, NO, NO, NO, 17722, 17722, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115023 , LINEAR, NO, NO, NO, NO, NO, NO, 17722, 17722, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116125 , LINEAR, NO, NO, NO, NO, NO, NO, 17722, 17722, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116225, LINEAR, NO, NO, NO, NO, NO, NO, 17722, 17722, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113021, LINEAR, NO, NO, NO, NO, NO, NO, 27324, 27324, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112135 , LINEAR, NO, NO, NO, NO, NO, NO, 17152, 17152, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112235, LINEAR, NO, NO, NO, NO, NO, NO, 17152, 17152, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112134 , LINEAR, NO, NO, NO, NO, NO, NO, 17102, 17102, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112234, LINEAR, NO, NO, NO, NO, NO, NO, 17102, 17102, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112131 , LINEAR, NO, NO, NO, NO, NO, NO, 29548, 29548, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112231, LINEAR, NO, NO, NO, NO, NO, NO, 29548, 29548, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112117 , LINEAR, NO, NO, NO, NO, NO, NO, 27989, 27989, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112217, LINEAR, NO, NO, NO, NO, NO, NO, 27989, 27989, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111139 , LINEAR, NO, NO, NO, NO, NO, NO, 17411, 17411, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   111239, LINEAR, NO, NO, NO, NO, NO, NO, 17411, 17411, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   111131 , LINEAR, NO, NO, NO, NO, NO, NO, 29939, 29939, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111231, LINEAR, NO, NO, NO, NO, NO, NO, 29939, 29939, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111130 , LINEAR, NO, NO, NO, NO, NO, NO, 29321, 29321, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111230, LINEAR, NO, NO, NO, NO, NO, NO, 29321, 29321, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111122 , LINEAR, NO, NO, NO, NO, NO, NO, 37150, 37150, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111222, LINEAR, NO, NO, NO, NO, NO, NO, 37150, 37150, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111117 , LINEAR, NO, NO, NO, NO, NO, NO, 19055, 19055, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111217, LINEAR, NO, NO, NO, NO, NO, NO, 19055, 19055, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   129011 , LINEAR, NO, NO, NO, NO, NO, NO, 6290, 4277, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139011, LINEAR, NO, NO, NO, NO, NO, NO, 6290, 4277, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   129007 , LINEAR, NO, NO, NO, NO, NO, NO, 4241, 2884, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139007, LINEAR, NO, NO, NO, NO, NO, NO, 4241, 2884, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117112 , LINEAR, NO, NO, NO, NO, NO, NO, 7256, 7256, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117212 , LINEAR, NO, NO, NO, NO, NO, NO, 7256, 7256, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118111 , LINEAR, NO, NO, NO, NO, NO, NO, 7256, 7256, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118211, LINEAR, NO, NO, NO, NO, NO, NO, 7256, 7256, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117104 , LINEAR, NO, NO, NO, NO, NO, NO, 3299, 3299, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117204 , LINEAR, NO, NO, NO, NO, NO, NO, 3299, 3299, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   118103 , LINEAR, NO, NO, NO, NO, NO, NO, 3299, 3299, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118203, LINEAR, NO, NO, NO, NO, NO, NO, 3299, 3299, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114003, LINEAR, NO, NO, NO, NO, NO, NO, 3261, 3261, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113008, LINEAR, NO, NO, NO, NO, NO, NO, 5231, 5231, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113006, LINEAR, NO, NO, NO, NO, NO, NO, 4296, 4296, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112109 , LINEAR, NO, NO, NO, NO, NO, NO, 8221, 8221, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112209, LINEAR, NO, NO, NO, NO, NO, NO, 8221, 8221, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111104 , LINEAR, NO, NO, NO, NO, NO, NO, 5294, 5294, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111204, LINEAR, NO, NO, NO, NO, NO, NO, 5294, 5294, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111102 , LINEAR, NO, NO, NO, NO, NO, NO, 2216, 2216, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   111202, LINEAR, NO, NO, NO, NO, NO, NO, 2216, 2216, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   129021 , LINEAR, NO, NO, NO, NO, NO, NO, 25557, 17379, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139021, LINEAR, NO, NO, NO, NO, NO, NO, 25557, 17379, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   129014 , LINEAR, NO, NO, NO, NO, NO, NO, 15598, 10607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139014, LINEAR, NO, NO, NO, NO, NO, NO, 15598, 10607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114012 , LINEAR, NO, NO, NO, NO, NO, NO, 15095, 15095, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115009 , LINEAR, NO, NO, NO, NO, NO, NO, 15095, 15095, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116111 , LINEAR, NO, NO, NO, NO, NO, NO, 15095, 15095, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116211, LINEAR, NO, NO, NO, NO, NO, NO, 15095, 15095, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112121 , LINEAR, NO, NO, NO, NO, NO, NO, 35150, 35150, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112221, LINEAR, NO, NO, NO, NO, NO, NO, 35150, 35150, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111121 , LINEAR, NO, NO, NO, NO, NO, NO, 35312, 35312, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111221, LINEAR, NO, NO, NO, NO, NO, NO, 35312, 35312, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   129017 , LINEAR, NO, NO, NO, NO, NO, NO, 19754, 13433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   139017, LINEAR, NO, NO, NO, NO, NO, NO, 19754, 13433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117122 , LINEAR, NO, NO, NO, NO, NO, NO, 29957, 29957, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117222 , LINEAR, NO, NO, NO, NO, NO, NO, 29957, 29957, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118121 , LINEAR, NO, NO, NO, NO, NO, NO, 29957, 29957, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118221, LINEAR, NO, NO, NO, NO, NO, NO, 29957, 29957, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117116 , LINEAR, NO, NO, NO, NO, NO, NO, 19697, 19697, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117216 , LINEAR, NO, NO, NO, NO, NO, NO, 19697, 19697, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118115 , LINEAR, NO, NO, NO, NO, NO, NO, 19697, 19697, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   118215, LINEAR, NO, NO, NO, NO, NO, NO, 19697, 19697, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114015 , LINEAR, NO, NO, NO, NO, NO, NO, 19906, 19906, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 
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   115012 , LINEAR, NO, NO, NO, NO, NO, NO, 19906, 19906, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116114 , LINEAR, NO, NO, NO, NO, NO, NO, 19906, 19906, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116214, LINEAR, NO, NO, NO, NO, NO, NO, 19906, 19906, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113015, LINEAR, NO, NO, NO, NO, NO, NO, 19721, 19721, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112118 , LINEAR, NO, NO, NO, NO, NO, NO, 29750, 29750, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112218, LINEAR, NO, NO, NO, NO, NO, NO, 29750, 29750, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111123 , LINEAR, NO, NO, NO, NO, NO, NO, 39004, 39004, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   111223, LINEAR, NO, NO, NO, NO, NO, NO, 39004, 39004, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   129012 , LINEAR, NO, NO, NO, NO, NO, NO, 6941, 4720, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   139012, LINEAR, NO, NO, NO, NO, NO, NO, 6941, 4720, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117110 , LINEAR, NO, NO, NO, NO, NO, NO, 5958, 5958, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117210 , LINEAR, NO, NO, NO, NO, NO, NO, 5958, 5958, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118109 , LINEAR, NO, NO, NO, NO, NO, NO, 5958, 5958, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118209, LINEAR, NO, NO, NO, NO, NO, NO, 5958, 5958, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117103 , LINEAR, NO, NO, NO, NO, NO, NO, 2989, 2989, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117203 , LINEAR, NO, NO, NO, NO, NO, NO, 2989, 2989, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118102 , LINEAR, NO, NO, NO, NO, NO, NO, 2989, 2989, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   118202, LINEAR, NO, NO, NO, NO, NO, NO, 2989, 2989, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114005 , LINEAR, NO, NO, NO, NO, NO, NO, 3971, 3971, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116104 , LINEAR, NO, NO, NO, NO, NO, NO, 3971, 3971, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116204, LINEAR, NO, NO, NO, NO, NO, NO, 3971, 3971, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113002, LINEAR, NO, NO, NO, NO, NO, NO, 879, 879, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 0, 

0, 0, 0 

   129027 , LINEAR, NO, NO, NO, NO, NO, NO, 17449, 11865, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   139027, LINEAR, NO, NO, NO, NO, NO, NO, 17449, 11865, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112128 , LINEAR, NO, NO, NO, NO, NO, NO, 27754, 27754, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112228, LINEAR, NO, NO, NO, NO, NO, NO, 27754, 27754, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112127 , LINEAR, NO, NO, NO, NO, NO, NO, 27181, 27181, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112227, LINEAR, NO, NO, NO, NO, NO, NO, 27181, 27181, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   111116 , LINEAR, NO, NO, NO, NO, NO, NO, 17267, 17267, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   111216, LINEAR, NO, NO, NO, NO, NO, NO, 17267, 17267, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   114002, LINEAR, NO, NO, NO, NO, NO, NO, 1121, 1121, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 0, 

0, 0, 0 

 

*ELASTICLINK    ; Elastic Link 

; iNO, iNODE1, iNODE2, LINK, ANGLE, R_SDx, R_SDy, R_SDz, R_SRx, R_SRy, R_SRz, SDx, SDy, SDz, SRx, SRy, SRz 

...  

;                      bSHEAR, DRy, DRz, GROUP                                                                  

; GEN 
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; iNO, iNODE1, iNODE2, LINK, ANGLE, bSHEAR, DRy, DRz, GROUP                                                     

; RIGID 

; iNO, iNODE1, iNODE2, LINK, ANGLE, SDx, bSHEAR, DRy, DRz, GROUP                                                

; TENS,COMP 

; iNO, iNODE1, iNODE2, LINK, ANGLE, DIR, FUNCTION, bSHEAR, DRENDI, GROUP                                        

; MULTI LINEAR 

   102,   102,     2, GEN  ,     0, YES, NO, NO, NO, NO, NO, 0, 1900, 1900, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

   105,   105,     5, GEN  ,     0, YES, NO, NO, NO, NO, NO, 0, 1900, 1900, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

   123,   123,     3, GEN  ,     0, NO, NO, NO, NO, NO, NO, 7000, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

   124,   124,     4, GEN  ,     0, NO, NO, NO, NO, NO, NO, 7000, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  1110, 101110,  2007, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  1130, 101130,  3009, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  1140, 101140,  3005, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  1220, 101220,  8007, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  1230, 101230,  7009, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  1240, 101240,  7005, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2110, 102110,  2019, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2120, 102120,  4019, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2130, 102130,  3021, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2140, 102140,  3017, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2210, 102210,  6019, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2220, 102220,  8019, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2230, 102230,  7021, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2240, 102240,  7017, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3010, 103010,  2031, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3020, 103020,  8031, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3030, 103030,  5031, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4010, 104010,  2043, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4020, 104020,  8043, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4030, 104030,  5043, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5010, 105010,  2053, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5020, 105020,  8053, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5030, 105030,  5053, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6110, 106110,  2065, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6120, 106120,  4065, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6130, 106130,  3067, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6140, 106140,  3063, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6210, 106210,  6065, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6220, 106220,  8065, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6230, 106230,  7067, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6240, 106240,  7063, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7110, 107110,  2077, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7130, 107130,  3079, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7140, 107140,  3075, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7220, 107220,  8077, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7230, 107230,  7079, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7240, 107240,  7075, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  8110, 108110,  2089, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  8120, 108120,  4089, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  8130, 108130,  3091, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  8140, 108140,  3087, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  8210, 108210,  6089, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  8220, 108220,  8089, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  8230, 108230,  7091, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  8240, 108240,  7087, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  9010, 109010,  2095, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  9020, 109020,  8095, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  9030, 109030,  5095, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

 

*SECTDATA-CHK    ; Beam/Column Section Data for Design 

; iSEC, TYPE, ENVTYPE                        ; line  1 

; [BEAM-T]-I , [BEAM-T]-M , [BEAM-T]-J       ; line  2(layer1) 

; ...                                        ; ... 

; [BEAM-T]-I , [BEAM-T]-M , [BEAM-T]-J       ; line 11(layer10) 

; [BEAM-B]-I , [BEAM-B]-M , [BEAM-B]-J       ; line 12(layer1) 

; ...                                        ; ... 

; [BEAM-B]-I , [BEAM-B]-M , [BEAM-B]-J       ; line 21(layer10) 

; [SUB-BAR]-I, [SUB-BAR]-M, [SUB-BAR]-J      ; line 22 
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; Dc1, [COLM]-P1, [COLM]-P2, [COLM]-P3       ; line  2(layer1) 

; ...                                        ; ... 

; Dc5, [COLM]-P1, [COLM]-P2, [COLM]-P3       ; line  6(layer5) 

; SBSIZE, SBSPACE, SBNUM, SBSIZE(y), SBSIZE(z), SBNUM(y), SBNUM(z) ; line  7 

; [BEAM-T] : Dt, NUM, S1, S2 

; [BEAM-B] : Db, NUM, S1, S2 

; [SUB-BAR] : NUM, S, DIST, ANGLE, bTBAR, TBAR, TBAR_S, BUNDLE, BUNDEL_N, LBAR, LBAR_N, bBUBAR, BUBAR, 

BUBAR_N, BUBAR_ANGLE 

; [COLM] : NUM, S1, S2 

   43, COLM, DRY 

    0.09,  12, #8, ,  10, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   44, COLM, DRY 

    0.09,  12, #8, ,  10, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   45, COLM, DRY 

    0.09,  13, #8, ,  11, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   46, COLM, DRY 

    0.09,  13, #8, ,  11, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   51, COLM, DRY 

    0.09,  8, #10, ,  5, #10, ,  7, #10,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   55, COLM, DRY 

    0.09,  20, #8, ,  9, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   62, COLM, DRY 

    0.09,  10, #10, ,  8, #10, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   63, COLM, DRY 

    0.15,  18, #14, ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #4, 0.2, 2, #4, #4, 2, 2 

   64, COLM, DRY 

    0.155,  25, #14, ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  
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    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #6, 0.15, 2, #6, #6, 2, 2 

   65, BEAM, DRY 

    0.085, 11, #10, ,  0.085, 11, #10, ,  0.085, 11, #10,  

    0.115, 11, #10, ,  0.115, 11, #10, ,  0.115, 11, #10,  

    0.2, 2, #8, ,  0.2, 2, #8, ,  0.2, 2, #8,  

    0.3, 2, #8, ,  0.3, 2, #8, ,  0.3, 2, #8,  

    0.4, 2, #8, ,  0.4, 2, #8, ,  0.4, 2, #8,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0.085, 11, #10, ,  0.085, 11, #10, ,  0.085, 11, #10,  

    0.115, 11, #10, ,  0.115, 11, #10, ,  0.115, 11, #10,  

    0.2, 2, #8, ,  0.2, 2, #8, ,  0.2, 2, #8,  

    0.3, 2, #8, ,  0.3, 2, #8, ,  0.3, 2, #8,  

    0.4, 2, #8, ,  0.4, 2, #8, ,  0.4, 2, #8,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

YES,  6, #5, 0.15, 90, NO, , 0, NO, 2, , 4, NO, , 2, 0,  6, #5, 0.15, 90, NO, , 0, NO, 2, , 4, NO, , 2, 0,  

6, #5, 0.15, 90, NO, , 0, NO, 2, , 4, NO, , 2, 0 

 

*FRAME-RLS    ; Beam End Release 

; ELEM_LIST, bVALUE, FLAG-i, Fxi, Fyi, Fzi, Mxi, Myi, Mzi        ; 1st line 

;                    FLAG-j, Fxj, Fyj, Fzj, Mxj, Myj, Mzj, GROUP ; 2nd line 

 11002,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11003,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11004,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11005,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11006,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11008,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11009,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11010,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11011,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11012,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11014,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11015,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11016,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11017,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11018,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11020,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11021,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11022,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11023,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11024,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11026,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11027,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11028,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11029,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11030,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11032,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11033,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11034,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11035,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11036,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11038,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11039,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11040,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11041,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11042,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11044,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11045,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11046,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11047,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11049,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11050,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11051,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11052,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11054,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11055,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11056,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11057,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11058,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11060,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11061,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11062,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11063,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11064,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11066,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11067,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11068,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11069,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11070,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11072,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11073,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11074,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11075,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11076,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11078,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11079,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11080,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11081,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11082,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11084,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11085,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11086,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11087,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11088,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11090,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11091,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11092,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11093,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11094,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11096,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11097,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13002,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13003,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13017,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13018,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13020,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13021,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13063,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13064,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13066,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13067,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13087,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13088,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13090,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13091,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15020,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15021,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15022,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15023,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15024,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15026,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15027,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15028,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15029,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15030,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15032,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15033,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15034,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15035,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15036,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15038,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15039,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15040,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15041,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15042,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15044,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15045,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15046,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15047,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15049,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15050,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15051,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15052,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15054,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15055,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15056,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15057,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15058,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15060,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15061,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15062,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15063,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15064,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15090,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15091,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15092,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15093,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15094,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15096,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15097,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16002,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16003,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16017,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16018,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16066,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16067,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16087,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16088,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17002,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17003,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17004,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17005,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17006,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17008,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17009,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17010,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17011,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17012,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17014,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17015,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17016,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17017,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17018,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17020,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17021,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17063,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17064,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17066,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17067,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17068,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17069,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17070,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17072,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17073,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17074,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17075,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17076,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17078,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17079,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17080,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17081,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17082,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17084,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17085,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17086,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17087,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17088,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17090,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17091,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 
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*LOADTOMASS    ; Load to Mass 

; DIR, bNODAL, bBEAM, bFLOOR, bPRES, GRAV 

; LCNAME1, FACTOR1, LCNAME2, FACTOR2, ...   ; from line 1 

   XYZ, YES, YES, YES, YES, 9.806 

   Barandilla y luminarias, 1, Pavimento estructural, 4 

   Pavimento no estructural, 1.65, PL01d_ext, 2.15, PL01i_ext, 2.15 

   PL02d_ext, 2.15, PL02i_ext, 2.15, PL03d_ext, 2.15, PL03i_ext, 2.15 

   PL04d_ext, 2.15, PL04i_ext, 2.15, PL05d_ext, 2.15, PL05i_ext, 2.15 

   PL06d_ext, 2.15, PL06i_ext, 2.15, PL07d_ext, 2.15, PL07i_ext, 2.15 

   PL08d_ext, 2.15, PL08i_ext, 2.15, PL09d_ext, 2.15, PL09i_ext, 2.15 

   PL10d_ext, 2.15, PL10i_ext, 2.15, PL01d_int, 2.15, PL01i_int, 2.15 

   PL02d_int, 2.15, PL02i_int, 2.15, PL03d_int, 2.15, PL03i_int, 2.15 

   PL04d_int, 2.15, PL04i_int, 2.15, PL05d_int, 2.15, PL05i_int, 2.15 

   PL06d_int, 2.15, PL06i_int, 2.15, PL07d_int, 2.15, PL07i_int, 2.15 

   PL08d_int, 2.15, PL08i_int, 2.15, PL09d_int, 2.15, PL09i_int, 2.15 

   PL10d_int, 2.15, PL10i_int, 2.15, Peso lastres, 1 

 

*USE-STLD, Peso propio 

 

*SELFWEIGHT    ; Self Weight 

; X, Y, Z, GROUP 

0, 0, -1, DC 

 

; End of data for load case [Peso propio] ------------------------- 

 

*USE-STLD, Peso lastres 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

   100, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

   101, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

   102, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

   103, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

   104, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

   105, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  1001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  1002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  1003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  1004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  1005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  1006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  3001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -6.1, 1, -6.1, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  3002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -6.1, 1, -6.1, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  3003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -6.1, 1, -6.1, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  3004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  3005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  3006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  4001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  4002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  4003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  6001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  6002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  6003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  7001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -6.1, 1, -6.1, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  7002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -6.1, 1, -6.1, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  7003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -6.1, 1, -6.1, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  7004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  7005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  7006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  9001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  9002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  9003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  9004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

  9005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  
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  9006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -10.44, 1, -10.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 

; End of data for load case [Peso lastres] ------------------------- 

 

*USE-STLD, Barandilla y luminarias 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1011, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1021, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1032, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1045, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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  1046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1057, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1066, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1077, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1088, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1092, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1093, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1094, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1096, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1097, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1097, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3006, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3013, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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  3013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3069, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3077, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3085, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7006, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7013, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7069, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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  7073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7077, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7085, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9001, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9011, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9021, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9032, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9045, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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  9049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9057, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9066, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9077, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9088, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9092, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9093, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9094, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9096, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9097, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9097, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 

; End of data for load case [Barandilla y luminarias] ------------------------- 

 

*USE-STLD, Pavimento estructural 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  
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 11004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.3, 1, -1.3, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.35, 1, -1.35, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.45, 1, -1.45, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  
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 11073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11092, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11093, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11094, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11096, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11097, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11098, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.35, 1, -1.35, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.45, 1, -1.45, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 14019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 14065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 14089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  
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 15030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.3, 1, -1.3, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.35, 1, -1.35, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.45, 1, -1.45, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15092, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15093, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15094, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15096, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15097, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15098, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  
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 17013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.35, 1, -1.35, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.45, 1, -1.45, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 

; End of data for load case [Pavimento estructural] ------------------------- 

 

*USE-STLD, Pavimento no estructural 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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 11011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.3, 1, -1.3, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.35, 1, -1.35, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.45, 1, -1.45, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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 11080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11092, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11093, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11094, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11096, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11097, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11098, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.35, 1, -1.35, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.45, 1, -1.45, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 14019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 14065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 14089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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 15037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.3, 1, -1.3, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.35, 1, -1.35, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.45, 1, -1.45, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15092, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15093, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15094, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15096, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15097, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15098, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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 17020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.35, 1, -1.35, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.45, 1, -1.45, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 

; End of data for load case [Pavimento no estructural] ------------------------- 

 

*USE-STLD, PL01d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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; End of data for load case [PL01d_ext] ------------------------- 

 

*USE-STLD, PL01i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL01i_ext] ------------------------- 

 

*USE-STLD, PL01d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 13001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL01d_int] ------------------------- 

 

*USE-STLD, PL01i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL01i_int] ------------------------- 

 

*USE-STLD, PL02d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 
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; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL02d_ext] ------------------------- 

 

*USE-STLD, PL02i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 17019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL02i_ext] ------------------------- 

 

*USE-STLD, PL02d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 13017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL02d_int] ------------------------- 

 

*USE-STLD, PL02i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL02i_int] ------------------------- 

 

*USE-STLD, PL03d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL03d_ext] ------------------------- 

 

*USE-STLD, PL03i_ext 
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*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL03i_ext] ------------------------- 

 

*USE-STLD, PL03d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL03d_int] ------------------------- 

 

*USE-STLD, PL03i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 15020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL03i_int] ------------------------- 

 

*USE-STLD, PL04d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.65, 1, -0.65, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.3, 1, -1.3, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.65, 1, -0.65, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.65, 1, -0.65, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 12043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.65, 1, -0.65, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL04d_int] ------------------------- 

 

*USE-STLD, PL04i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.65, 1, -0.65, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.3, 1, -1.3, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.16, 1, -1.16, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.23, 1, -1.23, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.65, 1, -0.65, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.65, 1, -0.65, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.65, 1, -0.65, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL04i_int] ------------------------- 

 

*USE-STLD, PL05d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.7, 1, -0.7, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 11050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.7, 1, -0.7, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.7, 1, -0.7, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.7, 1, -0.7, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL05d_int] ------------------------- 

 

*USE-STLD, PL05i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.7, 1, -0.7, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.4, 1, -1.4, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.18, 1, -1.18, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.29, 1, -1.29, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.7, 1, -0.7, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.7, 1, -0.7, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.7, 1, -0.7, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL05i_int] ------------------------- 

 

*USE-STLD, PL06d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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; End of data for load case [PL06d_ext] ------------------------- 

 

*USE-STLD, PL06i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL06i_ext] ------------------------- 

 

*USE-STLD, PL06d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL06d_int] ------------------------- 

 

*USE-STLD, PL06i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 
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; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL06i_int] ------------------------- 

 

*USE-STLD, PL07d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 11077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL07d_ext] ------------------------- 

 

*USE-STLD, PL07i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL07i_ext] ------------------------- 

 

*USE-STLD, PL07d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 13065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL07d_int] ------------------------- 
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*USE-STLD, PL07i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL07i_int] ------------------------- 

 

*USE-STLD, PL08d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL08d_ext] ------------------------- 

 

*USE-STLD, PL08i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 
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; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17083, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17084, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17085, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17086, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL08i_ext] ------------------------- 

 

*USE-STLD, PL08d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 13087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL08d_int] ------------------------- 

 

*USE-STLD, PL08i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16087, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16088, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 16089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL08i_int] ------------------------- 

 

*USE-STLD, PL09d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL09d_ext] ------------------------- 

 

*USE-STLD, PL09i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL09i_ext] ------------------------- 

 

*USE-STLD, PL09d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11092, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11093, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11094, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 14089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL09d_int] ------------------------- 

 

*USE-STLD, PL09i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15090, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15091, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15092, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15093, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15094, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16089, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL09i_int] ------------------------- 

 

*USE-STLD, PL10d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11096, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11097, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11098, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL10d_int] ------------------------- 

 

*USE-STLD, PL10i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15096, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 15097, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15098, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18095, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL10i_int] ------------------------- 

 

*USE-STLD, WS+X 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1022, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1023, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1024, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1025, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  1026, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1027, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1028, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1029, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1030, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1031, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1032, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1033, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1046, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1047, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1048, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1049, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1050, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1051, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1052, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1053, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1054, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1055, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1056, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1057, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1058, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1059, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 120 DE 708 

 

 

  1060, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1061, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1062, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1063, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1064, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1082, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1083, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1084, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1085, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1086, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1087, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1088, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1089, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1090, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1091, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1092, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1093, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  1094, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1095, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1096, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1097, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3082, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3083, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3084, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3085, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  4001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4086, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4087, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4088, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6086, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6087, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6088, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  7014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7082, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7083, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7084, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7085, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9022, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9023, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9024, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9025, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9026, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9027, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9028, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9029, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9030, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9031, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9032, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9033, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9046, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9047, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9048, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9049, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9050, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9051, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9052, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9053, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9054, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9055, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9056, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9057, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9058, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9059, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9060, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9061, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9062, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9063, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9064, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9082, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9083, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9084, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9085, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9086, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9087, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9088, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9089, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9090, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9091, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9092, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9093, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9094, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9095, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9096, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9097, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 101241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103001, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103002, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 104000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104002, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105001, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105002, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 106211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 108211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 

; End of data for load case [WS+X] ------------------------- 

 

*USE-STLD, WS-X 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1022, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1023, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1024, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1025, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1026, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1027, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1028, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1029, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1030, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1031, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1032, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1033, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1046, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1047, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1048, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1049, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1050, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1051, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1052, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1053, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1054, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1055, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1056, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1057, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1058, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1059, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1060, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1061, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1062, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1063, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1064, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1082, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1083, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1084, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1085, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1086, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1087, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1088, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1089, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1090, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1091, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1092, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1093, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1094, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1095, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1096, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1097, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  3075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3082, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3083, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3084, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3085, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4086, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4087, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4088, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6086, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6087, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  6088, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7082, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7083, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7084, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7085, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9022, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9023, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9024, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9025, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9026, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9027, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9028, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9029, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9030, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9031, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9032, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9033, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9046, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9047, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9048, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9049, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9050, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9051, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9052, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9053, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9054, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9055, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9056, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9057, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9058, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9059, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9060, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9061, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9062, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9063, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9064, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9082, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9083, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9084, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9085, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9086, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9087, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9088, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9089, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9090, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9091, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9092, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9093, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9094, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9095, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9096, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9097, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 101100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 101110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 101140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 101220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 102110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 102210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 102240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103001, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103002, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 103010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104002, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 104010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105001, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105002, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 105010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 106110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 106120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 106210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 107110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 107220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 108103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 108110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 108210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 109010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 

; End of data for load case [WS-X] ------------------------- 

 

*USE-STLD, WS+Y 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  1004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1022, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1023, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1024, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1025, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1026, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1027, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1028, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1029, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1030, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1031, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1032, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1033, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  1038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1046, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1047, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1048, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1049, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1050, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1051, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1052, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1053, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1054, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1055, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1056, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1057, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1058, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1059, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1060, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1061, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1062, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1063, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1064, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  1072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1082, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1083, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1084, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1085, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1086, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1087, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1088, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1089, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1090, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1091, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1092, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1093, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1094, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1095, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1096, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1097, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  3012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3082, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3083, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3084, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3085, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4086, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4087, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4088, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  6001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6086, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6087, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6088, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  7078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7082, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7083, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7084, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7085, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9022, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9023, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9024, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9025, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9026, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9027, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9028, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9029, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9030, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9031, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9032, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9033, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9046, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9047, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9048, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9049, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9050, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9051, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9052, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9053, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9054, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9055, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9056, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9057, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9058, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9059, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9060, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9061, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9062, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9063, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9064, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9082, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9083, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9084, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9085, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9086, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9087, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9088, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9089, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9090, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9091, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9092, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9093, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9094, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9095, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9096, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9097, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 102141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103001, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103002, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104002, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105001, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105002, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 105010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 107131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 109021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 

; End of data for load case [WS+Y] ------------------------- 

 

*USE-STLD, WS-Y 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1022, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1023, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1024, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1025, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1026, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1027, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1028, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1029, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1030, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1031, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1032, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1033, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1046, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1047, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1048, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1049, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1050, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1051, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1052, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1053, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1054, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1055, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1056, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1057, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1058, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1059, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1060, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1061, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1062, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1063, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1064, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1082, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1083, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1084, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1085, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1086, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1087, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1088, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1089, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1090, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1091, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1092, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1093, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1094, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1095, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1096, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1097, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3082, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3083, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3084, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3085, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  4002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4086, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4087, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4088, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6086, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6087, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6088, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  7015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7082, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7083, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7084, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7085, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9022, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9023, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9024, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9025, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9026, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9027, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9028, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9029, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9030, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9031, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9032, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9033, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9046, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9047, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9048, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9049, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9050, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9051, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9052, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9053, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9054, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9055, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9056, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9057, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9058, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9059, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9060, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9061, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9062, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9063, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9064, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9082, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9083, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9084, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9085, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9086, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9087, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9088, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9089, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9090, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9091, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9092, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9093, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9094, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9095, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9096, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9097, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 101100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 101103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 101203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 102100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 102103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 102203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103001, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103002, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 104002, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105001, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105002, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 106103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 106203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 106220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 107103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 107203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 108220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 108241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 109030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 

; End of data for load case [WS-Y] ------------------------- 

 

*USE-STLD, TU+ 

 

*ELTEMPER    ; Element Temperatures 

; ELEM_LIST, TEMPER, GROUP 

  1001, 20, Térmico 

  1002, 20, Térmico 

  1003, 20, Térmico 

  1004, 20, Térmico 

  1005, 20, Térmico 

  1006, 20, Térmico 

  1007, 20, Térmico 

  1008, 20, Térmico 

  1009, 20, Térmico 

  1010, 20, Térmico 

  1011, 20, Térmico 

  1012, 20, Térmico 

  1013, 20, Térmico 

  1014, 20, Térmico 

  1015, 20, Térmico 

  1016, 20, Térmico 

  1017, 20, Térmico 

  1018, 20, Térmico 

  1019, 20, Térmico 

  1020, 20, Térmico 

  1021, 20, Térmico 

  1022, 20, Térmico 

  1023, 20, Térmico 

  1024, 20, Térmico 

  1025, 20, Térmico 

  1026, 20, Térmico 

  1027, 20, Térmico 

  1028, 20, Térmico 

  1029, 20, Térmico 

  1030, 20, Térmico 

  1031, 20, Térmico 

  1032, 20, Térmico 

  1033, 20, Térmico 

  1034, 20, Térmico 

  1035, 20, Térmico 
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  1036, 20, Térmico 

  1037, 20, Térmico 

  1038, 20, Térmico 

  1039, 20, Térmico 

  1040, 20, Térmico 

  1041, 20, Térmico 

  1042, 20, Térmico 

  1043, 20, Térmico 

  1044, 20, Térmico 

  1045, 20, Térmico 

  1046, 20, Térmico 

  1047, 20, Térmico 

  1048, 20, Térmico 

  1049, 20, Térmico 

  1050, 20, Térmico 

  1051, 20, Térmico 

  1052, 20, Térmico 

  1053, 20, Térmico 

  1054, 20, Térmico 

  1055, 20, Térmico 

  1056, 20, Térmico 

  1057, 20, Térmico 

  1058, 20, Térmico 

  1059, 20, Térmico 

  1060, 20, Térmico 

  1061, 20, Térmico 

  1062, 20, Térmico 

  1063, 20, Térmico 

  1064, 20, Térmico 

  1065, 20, Térmico 

  1066, 20, Térmico 

  1067, 20, Térmico 

  1068, 20, Térmico 

  1069, 20, Térmico 

  1070, 20, Térmico 

  1071, 20, Térmico 

  1072, 20, Térmico 

  1073, 20, Térmico 

  1074, 20, Térmico 

  1075, 20, Térmico 

  1076, 20, Térmico 

  1077, 20, Térmico 

  1078, 20, Térmico 

  1079, 20, Térmico 

  1080, 20, Térmico 

  1081, 20, Térmico 

  1082, 20, Térmico 

  1083, 20, Térmico 

  1084, 20, Térmico 

  1085, 20, Térmico 

  1086, 20, Térmico 

  1087, 20, Térmico 

  1088, 20, Térmico 

  1089, 20, Térmico 

  1090, 20, Térmico 

  1091, 20, Térmico 

  1092, 20, Térmico 

  1093, 20, Térmico 

  1094, 20, Térmico 

  1095, 20, Térmico 

  1096, 20, Térmico 

  1097, 20, Térmico 

  3001, 20, Térmico 

  3002, 20, Térmico 

  3003, 20, Térmico 

  3004, 20, Térmico 

  3005, 20, Térmico 

  3006, 20, Térmico 
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  3007, 20, Térmico 

  3008, 20, Térmico 

  3009, 20, Térmico 

  3010, 20, Térmico 

  3011, 20, Térmico 

  3012, 20, Térmico 

  3013, 20, Térmico 

  3014, 20, Térmico 

  3015, 20, Térmico 

  3016, 20, Térmico 

  3017, 20, Térmico 

  3018, 20, Térmico 

  3019, 20, Térmico 

  3020, 20, Térmico 

  3021, 20, Térmico 

  3062, 20, Térmico 

  3063, 20, Térmico 

  3064, 20, Térmico 

  3065, 20, Térmico 

  3066, 20, Térmico 

  3067, 20, Térmico 

  3068, 20, Térmico 

  3069, 20, Térmico 

  3070, 20, Térmico 

  3071, 20, Térmico 

  3072, 20, Térmico 

  3073, 20, Térmico 

  3074, 20, Térmico 

  3075, 20, Térmico 

  3076, 20, Térmico 

  3077, 20, Térmico 

  3078, 20, Térmico 

  3079, 20, Térmico 

  3080, 20, Térmico 

  3081, 20, Térmico 

  3082, 20, Térmico 

  3083, 20, Térmico 

  3084, 20, Térmico 

  3085, 20, Térmico 

  3086, 20, Térmico 

  3087, 20, Térmico 

  3088, 20, Térmico 

  3089, 20, Térmico 

  3090, 20, Térmico 

  3091, 20, Térmico 

  4001, 20, Térmico 

  4002, 20, Térmico 

  4003, 20, Térmico 

  4016, 20, Térmico 

  4017, 20, Térmico 

  4018, 20, Térmico 

  4065, 20, Térmico 

  4066, 20, Térmico 

  4067, 20, Térmico 

  4086, 20, Térmico 

  4087, 20, Térmico 

  4088, 20, Térmico 

  5019, 20, Térmico 

  5020, 20, Térmico 

  5021, 20, Térmico 

  5022, 20, Térmico 

  5023, 20, Térmico 

  5024, 20, Térmico 

  5025, 20, Térmico 

  5026, 20, Térmico 

  5027, 20, Térmico 

  5028, 20, Térmico 

  5029, 20, Térmico 
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  5030, 20, Térmico 

  5031, 20, Térmico 

  5032, 20, Térmico 

  5033, 20, Térmico 

  5034, 20, Térmico 

  5035, 20, Térmico 

  5036, 20, Térmico 

  5037, 20, Térmico 

  5038, 20, Térmico 

  5039, 20, Térmico 

  5040, 20, Térmico 

  5041, 20, Térmico 

  5042, 20, Térmico 

  5043, 20, Térmico 

  5044, 20, Térmico 

  5045, 20, Térmico 

  5046, 20, Térmico 

  5047, 20, Térmico 

  5048, 20, Térmico 

  5049, 20, Térmico 

  5050, 20, Térmico 

  5051, 20, Térmico 

  5052, 20, Térmico 

  5053, 20, Térmico 

  5054, 20, Térmico 

  5055, 20, Térmico 

  5056, 20, Térmico 

  5057, 20, Térmico 

  5058, 20, Térmico 

  5059, 20, Térmico 

  5060, 20, Térmico 

  5061, 20, Térmico 

  5062, 20, Térmico 

  5063, 20, Térmico 

  5064, 20, Térmico 

  5089, 20, Térmico 

  5090, 20, Térmico 

  5091, 20, Térmico 

  5092, 20, Térmico 

  5093, 20, Térmico 

  5094, 20, Térmico 

  5095, 20, Térmico 

  5096, 20, Térmico 

  5097, 20, Térmico 

  6001, 20, Térmico 

  6002, 20, Térmico 

  6003, 20, Térmico 

  6016, 20, Térmico 

  6017, 20, Térmico 

  6018, 20, Térmico 

  6065, 20, Térmico 

  6066, 20, Térmico 

  6067, 20, Térmico 

  6086, 20, Térmico 

  6087, 20, Térmico 

  6088, 20, Térmico 

  7001, 20, Térmico 

  7002, 20, Térmico 

  7003, 20, Térmico 

  7004, 20, Térmico 

  7005, 20, Térmico 

  7006, 20, Térmico 

  7007, 20, Térmico 

  7008, 20, Térmico 

  7009, 20, Térmico 

  7010, 20, Térmico 

  7011, 20, Térmico 

  7012, 20, Térmico 
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  7013, 20, Térmico 

  7014, 20, Térmico 

  7015, 20, Térmico 

  7016, 20, Térmico 

  7017, 20, Térmico 

  7018, 20, Térmico 

  7019, 20, Térmico 

  7020, 20, Térmico 

  7021, 20, Térmico 

  7062, 20, Térmico 

  7063, 20, Térmico 

  7064, 20, Térmico 

  7065, 20, Térmico 

  7066, 20, Térmico 

  7067, 20, Térmico 

  7068, 20, Térmico 

  7069, 20, Térmico 

  7070, 20, Térmico 

  7071, 20, Térmico 

  7072, 20, Térmico 

  7073, 20, Térmico 

  7074, 20, Térmico 

  7075, 20, Térmico 

  7076, 20, Térmico 

  7077, 20, Térmico 

  7078, 20, Térmico 

  7079, 20, Térmico 

  7080, 20, Térmico 

  7081, 20, Térmico 

  7082, 20, Térmico 

  7083, 20, Térmico 

  7084, 20, Térmico 

  7085, 20, Térmico 

  7086, 20, Térmico 

  7087, 20, Térmico 

  7088, 20, Térmico 

  7089, 20, Térmico 

  7090, 20, Térmico 

  7091, 20, Térmico 

  9001, 20, Térmico 

  9002, 20, Térmico 

  9003, 20, Térmico 

  9004, 20, Térmico 

  9005, 20, Térmico 

  9006, 20, Térmico 

  9007, 20, Térmico 

  9008, 20, Térmico 

  9009, 20, Térmico 

  9010, 20, Térmico 

  9011, 20, Térmico 

  9012, 20, Térmico 

  9013, 20, Térmico 

  9014, 20, Térmico 

  9015, 20, Térmico 

  9016, 20, Térmico 

  9017, 20, Térmico 

  9018, 20, Térmico 

  9019, 20, Térmico 

  9020, 20, Térmico 

  9021, 20, Térmico 

  9022, 20, Térmico 

  9023, 20, Térmico 

  9024, 20, Térmico 

  9025, 20, Térmico 

  9026, 20, Térmico 

  9027, 20, Térmico 

  9028, 20, Térmico 

  9029, 20, Térmico 
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  9030, 20, Térmico 

  9031, 20, Térmico 

  9032, 20, Térmico 

  9033, 20, Térmico 

  9034, 20, Térmico 

  9035, 20, Térmico 

  9036, 20, Térmico 

  9037, 20, Térmico 

  9038, 20, Térmico 

  9039, 20, Térmico 

  9040, 20, Térmico 

  9041, 20, Térmico 

  9042, 20, Térmico 

  9043, 20, Térmico 

  9044, 20, Térmico 

  9045, 20, Térmico 

  9046, 20, Térmico 

  9047, 20, Térmico 

  9048, 20, Térmico 

  9049, 20, Térmico 

  9050, 20, Térmico 

  9051, 20, Térmico 

  9052, 20, Térmico 

  9053, 20, Térmico 

  9054, 20, Térmico 

  9055, 20, Térmico 

  9056, 20, Térmico 

  9057, 20, Térmico 

  9058, 20, Térmico 

  9059, 20, Térmico 

  9060, 20, Térmico 

  9061, 20, Térmico 

  9062, 20, Térmico 

  9063, 20, Térmico 

  9064, 20, Térmico 

  9065, 20, Térmico 

  9066, 20, Térmico 

  9067, 20, Térmico 

  9068, 20, Térmico 

  9069, 20, Térmico 

  9070, 20, Térmico 

  9071, 20, Térmico 

  9072, 20, Térmico 

  9073, 20, Térmico 

  9074, 20, Térmico 

  9075, 20, Térmico 

  9076, 20, Térmico 

  9077, 20, Térmico 

  9078, 20, Térmico 

  9079, 20, Térmico 

  9080, 20, Térmico 

  9081, 20, Térmico 

  9082, 20, Térmico 

  9083, 20, Térmico 

  9084, 20, Térmico 

  9085, 20, Térmico 

  9086, 20, Térmico 

  9087, 20, Térmico 

  9088, 20, Térmico 

  9089, 20, Térmico 

  9090, 20, Térmico 

  9091, 20, Térmico 

  9092, 20, Térmico 

  9093, 20, Térmico 

  9094, 20, Térmico 

  9095, 20, Térmico 

  9096, 20, Térmico 

  9097, 20, Térmico 
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 11001, 20, Térmico 

 11002, 20, Térmico 

 11003, 20, Térmico 

 11004, 20, Térmico 

 11005, 20, Térmico 

 11006, 20, Térmico 

 11007, 20, Térmico 

 11008, 20, Térmico 

 11009, 20, Térmico 

 11010, 20, Térmico 

 11011, 20, Térmico 

 11012, 20, Térmico 

 11013, 20, Térmico 

 11014, 20, Térmico 

 11015, 20, Térmico 

 11016, 20, Térmico 

 11017, 20, Térmico 

 11018, 20, Térmico 

 11019, 20, Térmico 

 11020, 20, Térmico 

 11021, 20, Térmico 

 11022, 20, Térmico 

 11023, 20, Térmico 

 11024, 20, Térmico 

 11025, 20, Térmico 

 11026, 20, Térmico 

 11027, 20, Térmico 

 11028, 20, Térmico 

 11029, 20, Térmico 

 11030, 20, Térmico 

 11031, 20, Térmico 

 11032, 20, Térmico 

 11033, 20, Térmico 

 11034, 20, Térmico 

 11035, 20, Térmico 

 11036, 20, Térmico 

 11037, 20, Térmico 

 11038, 20, Térmico 

 11039, 20, Térmico 

 11040, 20, Térmico 

 11041, 20, Térmico 

 11042, 20, Térmico 

 11043, 20, Térmico 

 11044, 20, Térmico 

 11045, 20, Térmico 

 11046, 20, Térmico 

 11047, 20, Térmico 

 11048, 20, Térmico 

 11049, 20, Térmico 

 11050, 20, Térmico 

 11051, 20, Térmico 

 11052, 20, Térmico 

 11053, 20, Térmico 

 11054, 20, Térmico 

 11055, 20, Térmico 

 11056, 20, Térmico 

 11057, 20, Térmico 

 11058, 20, Térmico 

 11059, 20, Térmico 

 11060, 20, Térmico 

 11061, 20, Térmico 

 11062, 20, Térmico 

 11063, 20, Térmico 

 11064, 20, Térmico 

 11065, 20, Térmico 

 11066, 20, Térmico 

 11067, 20, Térmico 

 11068, 20, Térmico 
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 11069, 20, Térmico 

 11070, 20, Térmico 

 11071, 20, Térmico 

 11072, 20, Térmico 

 11073, 20, Térmico 

 11074, 20, Térmico 

 11075, 20, Térmico 

 11076, 20, Térmico 

 11077, 20, Térmico 

 11078, 20, Térmico 

 11079, 20, Térmico 

 11080, 20, Térmico 

 11081, 20, Térmico 

 11082, 20, Térmico 

 11083, 20, Térmico 

 11084, 20, Térmico 

 11085, 20, Térmico 

 11086, 20, Térmico 

 11087, 20, Térmico 

 11088, 20, Térmico 

 11089, 20, Térmico 

 11090, 20, Térmico 

 11091, 20, Térmico 

 11092, 20, Térmico 

 11093, 20, Térmico 

 11094, 20, Térmico 

 11095, 20, Térmico 

 11096, 20, Térmico 

 11097, 20, Térmico 

 11098, 20, Térmico 

 12001, 20, Térmico 

 12007, 20, Térmico 

 12019, 20, Térmico 

 12031, 20, Térmico 

 12043, 20, Térmico 

 12053, 20, Térmico 

 12065, 20, Térmico 

 12077, 20, Térmico 

 12089, 20, Térmico 

 12095, 20, Térmico 

 13001, 20, Térmico 

 13002, 20, Térmico 

 13003, 20, Térmico 

 13017, 20, Térmico 

 13018, 20, Térmico 

 13019, 20, Térmico 

 13020, 20, Térmico 

 13021, 20, Térmico 

 13063, 20, Térmico 

 13064, 20, Térmico 

 13065, 20, Térmico 

 13066, 20, Térmico 

 13067, 20, Térmico 

 13087, 20, Térmico 

 13088, 20, Térmico 

 13089, 20, Térmico 

 13090, 20, Térmico 

 13091, 20, Térmico 

 14019, 20, Térmico 

 14065, 20, Térmico 

 14089, 20, Térmico 

 15001, 20, Térmico 

 15019, 20, Térmico 

 15020, 20, Térmico 

 15021, 20, Térmico 

 15022, 20, Térmico 

 15023, 20, Térmico 

 15024, 20, Térmico 
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 15025, 20, Térmico 

 15026, 20, Térmico 

 15027, 20, Térmico 

 15028, 20, Térmico 

 15029, 20, Térmico 

 15030, 20, Térmico 

 15031, 20, Térmico 

 15032, 20, Térmico 

 15033, 20, Térmico 

 15034, 20, Térmico 

 15035, 20, Térmico 

 15036, 20, Térmico 

 15037, 20, Térmico 

 15038, 20, Térmico 

 15039, 20, Térmico 

 15040, 20, Térmico 

 15041, 20, Térmico 

 15042, 20, Térmico 

 15043, 20, Térmico 

 15044, 20, Térmico 

 15045, 20, Térmico 

 15046, 20, Térmico 

 15047, 20, Térmico 

 15048, 20, Térmico 

 15049, 20, Térmico 

 15050, 20, Térmico 

 15051, 20, Térmico 

 15052, 20, Térmico 

 15053, 20, Térmico 

 15054, 20, Térmico 

 15055, 20, Térmico 

 15056, 20, Térmico 

 15057, 20, Térmico 

 15058, 20, Térmico 

 15059, 20, Térmico 

 15060, 20, Térmico 

 15061, 20, Térmico 

 15062, 20, Térmico 

 15063, 20, Térmico 

 15064, 20, Térmico 

 15065, 20, Térmico 

 15089, 20, Térmico 

 15090, 20, Térmico 

 15091, 20, Térmico 

 15092, 20, Térmico 

 15093, 20, Térmico 

 15094, 20, Térmico 

 15095, 20, Térmico 

 15096, 20, Térmico 

 15097, 20, Térmico 

 15098, 20, Térmico 

 16002, 20, Térmico 

 16003, 20, Térmico 

 16017, 20, Térmico 

 16018, 20, Térmico 

 16019, 20, Térmico 

 16065, 20, Térmico 

 16066, 20, Térmico 

 16067, 20, Térmico 

 16087, 20, Térmico 

 16088, 20, Térmico 

 16089, 20, Térmico 

 17001, 20, Térmico 

 17002, 20, Térmico 

 17003, 20, Térmico 

 17004, 20, Térmico 

 17005, 20, Térmico 

 17006, 20, Térmico 
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 17007, 20, Térmico 

 17008, 20, Térmico 

 17009, 20, Térmico 

 17010, 20, Térmico 

 17011, 20, Térmico 

 17012, 20, Térmico 

 17013, 20, Térmico 

 17014, 20, Térmico 

 17015, 20, Térmico 

 17016, 20, Térmico 

 17017, 20, Térmico 

 17018, 20, Térmico 

 17019, 20, Térmico 

 17020, 20, Térmico 

 17021, 20, Térmico 

 17063, 20, Térmico 

 17064, 20, Térmico 

 17065, 20, Térmico 

 17066, 20, Térmico 

 17067, 20, Térmico 

 17068, 20, Térmico 

 17069, 20, Térmico 

 17070, 20, Térmico 

 17071, 20, Térmico 

 17072, 20, Térmico 

 17073, 20, Térmico 

 17074, 20, Térmico 

 17075, 20, Térmico 

 17076, 20, Térmico 

 17077, 20, Térmico 

 17078, 20, Térmico 

 17079, 20, Térmico 

 17080, 20, Térmico 

 17081, 20, Térmico 

 17082, 20, Térmico 

 17083, 20, Térmico 

 17084, 20, Térmico 

 17085, 20, Térmico 

 17086, 20, Térmico 

 17087, 20, Térmico 

 17088, 20, Térmico 

 17089, 20, Térmico 

 17090, 20, Térmico 

 17091, 20, Térmico 

 18001, 20, Térmico 

 18007, 20, Térmico 

 18019, 20, Térmico 

 18031, 20, Térmico 

 18043, 20, Térmico 

 18053, 20, Térmico 

 18065, 20, Térmico 

 18077, 20, Térmico 

 18089, 20, Térmico 

 18095, 20, Térmico 

 101101, 20, Térmico 

 101102, 20, Térmico 

 101103, 20, Térmico 

 101110, 20, Térmico 

 101130, 20, Térmico 

 101140, 20, Térmico 

 101201, 20, Térmico 

 101202, 20, Térmico 

 101203, 20, Térmico 

 101220, 20, Térmico 

 101230, 20, Térmico 

 101240, 20, Térmico 

 102101, 20, Térmico 

 102102, 20, Térmico 
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 102103, 20, Térmico 

 102110, 20, Térmico 

 102111, 20, Térmico 

 102120, 20, Térmico 

 102121, 20, Térmico 

 102130, 20, Térmico 

 102131, 20, Térmico 

 102140, 20, Térmico 

 102141, 20, Térmico 

 102201, 20, Térmico 

 102202, 20, Térmico 

 102203, 20, Térmico 

 102210, 20, Térmico 

 102211, 20, Térmico 

 102220, 20, Térmico 

 102221, 20, Térmico 

 102230, 20, Térmico 

 102231, 20, Térmico 

 102240, 20, Térmico 

 102241, 20, Térmico 

 103001, 20, Térmico 

 103002, 20, Térmico 

 103003, 20, Térmico 

 103010, 20, Térmico 

 103020, 20, Térmico 

 103030, 20, Térmico 

 104002, 20, Térmico 

 104003, 20, Térmico 

 104010, 20, Térmico 

 104020, 20, Térmico 

 104030, 20, Térmico 

 105001, 20, Térmico 

 105002, 20, Térmico 

 105003, 20, Térmico 

 105010, 20, Térmico 

 105020, 20, Térmico 

 105030, 20, Térmico 

 106101, 20, Térmico 

 106102, 20, Térmico 

 106103, 20, Térmico 

 106110, 20, Térmico 

 106111, 20, Térmico 

 106120, 20, Térmico 

 106121, 20, Térmico 

 106130, 20, Térmico 

 106131, 20, Térmico 

 106140, 20, Térmico 

 106141, 20, Térmico 

 106201, 20, Térmico 

 106202, 20, Térmico 

 106203, 20, Térmico 

 106210, 20, Térmico 

 106211, 20, Térmico 

 106220, 20, Térmico 

 106221, 20, Térmico 

 106230, 20, Térmico 

 106231, 20, Térmico 

 106240, 20, Térmico 

 106241, 20, Térmico 

 107102, 20, Térmico 

 107103, 20, Térmico 

 107110, 20, Térmico 

 107130, 20, Térmico 

 107140, 20, Térmico 

 107202, 20, Térmico 

 107203, 20, Térmico 

 107220, 20, Térmico 

 107230, 20, Térmico 
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 107240, 20, Térmico 

 108103, 20, Térmico 

 108110, 20, Térmico 

 108111, 20, Térmico 

 108120, 20, Térmico 

 108121, 20, Térmico 

 108130, 20, Térmico 

 108131, 20, Térmico 

 108140, 20, Térmico 

 108141, 20, Térmico 

 108203, 20, Térmico 

 108210, 20, Térmico 

 108211, 20, Térmico 

 108220, 20, Térmico 

 108221, 20, Térmico 

 108230, 20, Térmico 

 108231, 20, Térmico 

 108240, 20, Térmico 

 108241, 20, Térmico 

 109003, 20, Térmico 

 109010, 20, Térmico 

 109020, 20, Térmico 

 109030, 20, Térmico 

 

; End of data for load case [TU+] ------------------------- 

 

*USE-STLD, TU- 

 

*ELTEMPER    ; Element Temperatures 

; ELEM_LIST, TEMPER, GROUP 

  1001, -20, Térmico 

  1002, -20, Térmico 

  1003, -20, Térmico 

  1004, -20, Térmico 

  1005, -20, Térmico 

  1006, -20, Térmico 

  1007, -20, Térmico 

  1008, -20, Térmico 

  1009, -20, Térmico 

  1010, -20, Térmico 

  1011, -20, Térmico 

  1012, -20, Térmico 

  1013, -20, Térmico 

  1014, -20, Térmico 

  1015, -20, Térmico 

  1016, -20, Térmico 

  1017, -20, Térmico 

  1018, -20, Térmico 

  1019, -20, Térmico 

  1020, -20, Térmico 

  1021, -20, Térmico 

  1022, -20, Térmico 

  1023, -20, Térmico 

  1024, -20, Térmico 

  1025, -20, Térmico 

  1026, -20, Térmico 

  1027, -20, Térmico 

  1028, -20, Térmico 

  1029, -20, Térmico 

  1030, -20, Térmico 

  1031, -20, Térmico 

  1032, -20, Térmico 

  1033, -20, Térmico 

  1034, -20, Térmico 

  1035, -20, Térmico 

  1036, -20, Térmico 

  1037, -20, Térmico 

  1038, -20, Térmico 
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  1039, -20, Térmico 

  1040, -20, Térmico 

  1041, -20, Térmico 

  1042, -20, Térmico 

  1043, -20, Térmico 

  1044, -20, Térmico 

  1045, -20, Térmico 

  1046, -20, Térmico 

  1047, -20, Térmico 

  1048, -20, Térmico 

  1049, -20, Térmico 

  1050, -20, Térmico 

  1051, -20, Térmico 

  1052, -20, Térmico 

  1053, -20, Térmico 

  1054, -20, Térmico 

  1055, -20, Térmico 

  1056, -20, Térmico 

  1057, -20, Térmico 

  1058, -20, Térmico 

  1059, -20, Térmico 

  1060, -20, Térmico 

  1061, -20, Térmico 

  1062, -20, Térmico 

  1063, -20, Térmico 

  1064, -20, Térmico 

  1065, -20, Térmico 

  1066, -20, Térmico 

  1067, -20, Térmico 

  1068, -20, Térmico 

  1069, -20, Térmico 

  1070, -20, Térmico 

  1071, -20, Térmico 

  1072, -20, Térmico 

  1073, -20, Térmico 

  1074, -20, Térmico 

  1075, -20, Térmico 

  1076, -20, Térmico 

  1077, -20, Térmico 

  1078, -20, Térmico 

  1079, -20, Térmico 

  1080, -20, Térmico 

  1081, -20, Térmico 

  1082, -20, Térmico 

  1083, -20, Térmico 

  1084, -20, Térmico 

  1085, -20, Térmico 

  1086, -20, Térmico 

  1087, -20, Térmico 

  1088, -20, Térmico 

  1089, -20, Térmico 

  1090, -20, Térmico 

  1091, -20, Térmico 

  1092, -20, Térmico 

  1093, -20, Térmico 

  1094, -20, Térmico 

  1095, -20, Térmico 

  1096, -20, Térmico 

  1097, -20, Térmico 

  3001, -20, Térmico 

  3002, -20, Térmico 

  3003, -20, Térmico 

  3004, -20, Térmico 

  3005, -20, Térmico 

  3006, -20, Térmico 

  3007, -20, Térmico 

  3008, -20, Térmico 

  3009, -20, Térmico 
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  3010, -20, Térmico 

  3011, -20, Térmico 

  3012, -20, Térmico 

  3013, -20, Térmico 

  3014, -20, Térmico 

  3015, -20, Térmico 

  3016, -20, Térmico 

  3017, -20, Térmico 

  3018, -20, Térmico 

  3019, -20, Térmico 

  3020, -20, Térmico 

  3021, -20, Térmico 

  3062, -20, Térmico 

  3063, -20, Térmico 

  3064, -20, Térmico 

  3065, -20, Térmico 

  3066, -20, Térmico 

  3067, -20, Térmico 

  3068, -20, Térmico 

  3069, -20, Térmico 

  3070, -20, Térmico 

  3071, -20, Térmico 

  3072, -20, Térmico 

  3073, -20, Térmico 

  3074, -20, Térmico 

  3075, -20, Térmico 

  3076, -20, Térmico 

  3077, -20, Térmico 

  3078, -20, Térmico 

  3079, -20, Térmico 

  3080, -20, Térmico 

  3081, -20, Térmico 

  3082, -20, Térmico 

  3083, -20, Térmico 

  3084, -20, Térmico 

  3085, -20, Térmico 

  3086, -20, Térmico 

  3087, -20, Térmico 

  3088, -20, Térmico 

  3089, -20, Térmico 

  3090, -20, Térmico 

  3091, -20, Térmico 

  4001, -20, Térmico 

  4002, -20, Térmico 

  4003, -20, Térmico 

  4016, -20, Térmico 

  4017, -20, Térmico 

  4018, -20, Térmico 

  4065, -20, Térmico 

  4066, -20, Térmico 

  4067, -20, Térmico 

  4086, -20, Térmico 

  4087, -20, Térmico 

  4088, -20, Térmico 

  5019, -20, Térmico 

  5020, -20, Térmico 

  5021, -20, Térmico 

  5022, -20, Térmico 

  5023, -20, Térmico 

  5024, -20, Térmico 

  5025, -20, Térmico 

  5026, -20, Térmico 

  5027, -20, Térmico 

  5028, -20, Térmico 

  5029, -20, Térmico 

  5030, -20, Térmico 

  5031, -20, Térmico 

  5032, -20, Térmico 
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  5033, -20, Térmico 

  5034, -20, Térmico 

  5035, -20, Térmico 

  5036, -20, Térmico 

  5037, -20, Térmico 

  5038, -20, Térmico 

  5039, -20, Térmico 

  5040, -20, Térmico 

  5041, -20, Térmico 

  5042, -20, Térmico 

  5043, -20, Térmico 

  5044, -20, Térmico 

  5045, -20, Térmico 

  5046, -20, Térmico 

  5047, -20, Térmico 

  5048, -20, Térmico 

  5049, -20, Térmico 

  5050, -20, Térmico 

  5051, -20, Térmico 

  5052, -20, Térmico 

  5053, -20, Térmico 

  5054, -20, Térmico 

  5055, -20, Térmico 

  5056, -20, Térmico 

  5057, -20, Térmico 

  5058, -20, Térmico 

  5059, -20, Térmico 

  5060, -20, Térmico 

  5061, -20, Térmico 

  5062, -20, Térmico 

  5063, -20, Térmico 

  5064, -20, Térmico 

  5089, -20, Térmico 

  5090, -20, Térmico 

  5091, -20, Térmico 

  5092, -20, Térmico 

  5093, -20, Térmico 

  5094, -20, Térmico 

  5095, -20, Térmico 

  5096, -20, Térmico 

  5097, -20, Térmico 

  6001, -20, Térmico 

  6002, -20, Térmico 

  6003, -20, Térmico 

  6016, -20, Térmico 

  6017, -20, Térmico 

  6018, -20, Térmico 

  6065, -20, Térmico 

  6066, -20, Térmico 

  6067, -20, Térmico 

  6086, -20, Térmico 

  6087, -20, Térmico 

  6088, -20, Térmico 

  7001, -20, Térmico 

  7002, -20, Térmico 

  7003, -20, Térmico 

  7004, -20, Térmico 

  7005, -20, Térmico 

  7006, -20, Térmico 

  7007, -20, Térmico 

  7008, -20, Térmico 

  7009, -20, Térmico 

  7010, -20, Térmico 

  7011, -20, Térmico 

  7012, -20, Térmico 

  7013, -20, Térmico 

  7014, -20, Térmico 

  7015, -20, Térmico 
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  7016, -20, Térmico 

  7017, -20, Térmico 

  7018, -20, Térmico 

  7019, -20, Térmico 

  7020, -20, Térmico 

  7021, -20, Térmico 

  7062, -20, Térmico 

  7063, -20, Térmico 

  7064, -20, Térmico 

  7065, -20, Térmico 

  7066, -20, Térmico 

  7067, -20, Térmico 

  7068, -20, Térmico 

  7069, -20, Térmico 

  7070, -20, Térmico 

  7071, -20, Térmico 

  7072, -20, Térmico 

  7073, -20, Térmico 

  7074, -20, Térmico 

  7075, -20, Térmico 

  7076, -20, Térmico 

  7077, -20, Térmico 

  7078, -20, Térmico 

  7079, -20, Térmico 

  7080, -20, Térmico 

  7081, -20, Térmico 

  7082, -20, Térmico 

  7083, -20, Térmico 

  7084, -20, Térmico 

  7085, -20, Térmico 

  7086, -20, Térmico 

  7087, -20, Térmico 

  7088, -20, Térmico 

  7089, -20, Térmico 

  7090, -20, Térmico 

  7091, -20, Térmico 

  9001, -20, Térmico 

  9002, -20, Térmico 

  9003, -20, Térmico 

  9004, -20, Térmico 

  9005, -20, Térmico 

  9006, -20, Térmico 

  9007, -20, Térmico 

  9008, -20, Térmico 

  9009, -20, Térmico 

  9010, -20, Térmico 

  9011, -20, Térmico 

  9012, -20, Térmico 

  9013, -20, Térmico 

  9014, -20, Térmico 

  9015, -20, Térmico 

  9016, -20, Térmico 

  9017, -20, Térmico 

  9018, -20, Térmico 

  9019, -20, Térmico 

  9020, -20, Térmico 

  9021, -20, Térmico 

  9022, -20, Térmico 

  9023, -20, Térmico 

  9024, -20, Térmico 

  9025, -20, Térmico 

  9026, -20, Térmico 

  9027, -20, Térmico 

  9028, -20, Térmico 

  9029, -20, Térmico 

  9030, -20, Térmico 

  9031, -20, Térmico 

  9032, -20, Térmico 
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  9033, -20, Térmico 

  9034, -20, Térmico 

  9035, -20, Térmico 

  9036, -20, Térmico 

  9037, -20, Térmico 

  9038, -20, Térmico 

  9039, -20, Térmico 

  9040, -20, Térmico 

  9041, -20, Térmico 

  9042, -20, Térmico 

  9043, -20, Térmico 

  9044, -20, Térmico 

  9045, -20, Térmico 

  9046, -20, Térmico 

  9047, -20, Térmico 

  9048, -20, Térmico 

  9049, -20, Térmico 

  9050, -20, Térmico 

  9051, -20, Térmico 

  9052, -20, Térmico 

  9053, -20, Térmico 

  9054, -20, Térmico 

  9055, -20, Térmico 

  9056, -20, Térmico 

  9057, -20, Térmico 

  9058, -20, Térmico 

  9059, -20, Térmico 

  9060, -20, Térmico 

  9061, -20, Térmico 

  9062, -20, Térmico 

  9063, -20, Térmico 

  9064, -20, Térmico 

  9065, -20, Térmico 

  9066, -20, Térmico 

  9067, -20, Térmico 

  9068, -20, Térmico 

  9069, -20, Térmico 

  9070, -20, Térmico 

  9071, -20, Térmico 

  9072, -20, Térmico 

  9073, -20, Térmico 

  9074, -20, Térmico 

  9075, -20, Térmico 

  9076, -20, Térmico 

  9077, -20, Térmico 

  9078, -20, Térmico 

  9079, -20, Térmico 

  9080, -20, Térmico 

  9081, -20, Térmico 

  9082, -20, Térmico 

  9083, -20, Térmico 

  9084, -20, Térmico 

  9085, -20, Térmico 

  9086, -20, Térmico 

  9087, -20, Térmico 

  9088, -20, Térmico 

  9089, -20, Térmico 

  9090, -20, Térmico 

  9091, -20, Térmico 

  9092, -20, Térmico 

  9093, -20, Térmico 

  9094, -20, Térmico 

  9095, -20, Térmico 

  9096, -20, Térmico 

  9097, -20, Térmico 

 11001, -20, Térmico 

 11002, -20, Térmico 

 11003, -20, Térmico 
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 11004, -20, Térmico 

 11005, -20, Térmico 

 11006, -20, Térmico 

 11007, -20, Térmico 

 11008, -20, Térmico 

 11009, -20, Térmico 

 11010, -20, Térmico 

 11011, -20, Térmico 

 11012, -20, Térmico 

 11013, -20, Térmico 

 11014, -20, Térmico 

 11015, -20, Térmico 

 11016, -20, Térmico 

 11017, -20, Térmico 

 11018, -20, Térmico 

 11019, -20, Térmico 

 11020, -20, Térmico 

 11021, -20, Térmico 

 11022, -20, Térmico 

 11023, -20, Térmico 

 11024, -20, Térmico 

 11025, -20, Térmico 

 11026, -20, Térmico 

 11027, -20, Térmico 

 11028, -20, Térmico 

 11029, -20, Térmico 

 11030, -20, Térmico 

 11031, -20, Térmico 

 11032, -20, Térmico 

 11033, -20, Térmico 

 11034, -20, Térmico 

 11035, -20, Térmico 

 11036, -20, Térmico 

 11037, -20, Térmico 

 11038, -20, Térmico 

 11039, -20, Térmico 

 11040, -20, Térmico 

 11041, -20, Térmico 

 11042, -20, Térmico 

 11043, -20, Térmico 

 11044, -20, Térmico 

 11045, -20, Térmico 

 11046, -20, Térmico 

 11047, -20, Térmico 

 11048, -20, Térmico 

 11049, -20, Térmico 

 11050, -20, Térmico 

 11051, -20, Térmico 

 11052, -20, Térmico 

 11053, -20, Térmico 

 11054, -20, Térmico 

 11055, -20, Térmico 

 11056, -20, Térmico 

 11057, -20, Térmico 

 11058, -20, Térmico 

 11059, -20, Térmico 

 11060, -20, Térmico 

 11061, -20, Térmico 

 11062, -20, Térmico 

 11063, -20, Térmico 

 11064, -20, Térmico 

 11065, -20, Térmico 

 11066, -20, Térmico 

 11067, -20, Térmico 

 11068, -20, Térmico 

 11069, -20, Térmico 

 11070, -20, Térmico 

 11071, -20, Térmico 
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 11072, -20, Térmico 

 11073, -20, Térmico 

 11074, -20, Térmico 

 11075, -20, Térmico 

 11076, -20, Térmico 

 11077, -20, Térmico 

 11078, -20, Térmico 

 11079, -20, Térmico 

 11080, -20, Térmico 

 11081, -20, Térmico 

 11082, -20, Térmico 

 11083, -20, Térmico 

 11084, -20, Térmico 

 11085, -20, Térmico 

 11086, -20, Térmico 

 11087, -20, Térmico 

 11088, -20, Térmico 

 11089, -20, Térmico 

 11090, -20, Térmico 

 11091, -20, Térmico 

 11092, -20, Térmico 

 11093, -20, Térmico 

 11094, -20, Térmico 

 11095, -20, Térmico 

 11096, -20, Térmico 

 11097, -20, Térmico 

 11098, -20, Térmico 

 12001, -20, Térmico 

 12007, -20, Térmico 

 12019, -20, Térmico 

 12031, -20, Térmico 

 12043, -20, Térmico 

 12053, -20, Térmico 

 12065, -20, Térmico 

 12077, -20, Térmico 

 12089, -20, Térmico 

 12095, -20, Térmico 

 13001, -20, Térmico 

 13002, -20, Térmico 

 13003, -20, Térmico 

 13017, -20, Térmico 

 13018, -20, Térmico 

 13019, -20, Térmico 

 13020, -20, Térmico 

 13021, -20, Térmico 

 13063, -20, Térmico 

 13064, -20, Térmico 

 13065, -20, Térmico 

 13066, -20, Térmico 

 13067, -20, Térmico 

 13087, -20, Térmico 

 13088, -20, Térmico 

 13089, -20, Térmico 

 13090, -20, Térmico 

 13091, -20, Térmico 

 14019, -20, Térmico 

 14065, -20, Térmico 

 14089, -20, Térmico 

 15001, -20, Térmico 

 15019, -20, Térmico 

 15020, -20, Térmico 

 15021, -20, Térmico 

 15022, -20, Térmico 

 15023, -20, Térmico 

 15024, -20, Térmico 

 15025, -20, Térmico 

 15026, -20, Térmico 

 15027, -20, Térmico 
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 15028, -20, Térmico 

 15029, -20, Térmico 

 15030, -20, Térmico 

 15031, -20, Térmico 

 15032, -20, Térmico 

 15033, -20, Térmico 

 15034, -20, Térmico 

 15035, -20, Térmico 

 15036, -20, Térmico 

 15037, -20, Térmico 

 15038, -20, Térmico 

 15039, -20, Térmico 

 15040, -20, Térmico 

 15041, -20, Térmico 

 15042, -20, Térmico 

 15043, -20, Térmico 

 15044, -20, Térmico 

 15045, -20, Térmico 

 15046, -20, Térmico 

 15047, -20, Térmico 

 15048, -20, Térmico 

 15049, -20, Térmico 

 15050, -20, Térmico 

 15051, -20, Térmico 

 15052, -20, Térmico 

 15053, -20, Térmico 

 15054, -20, Térmico 

 15055, -20, Térmico 

 15056, -20, Térmico 

 15057, -20, Térmico 

 15058, -20, Térmico 

 15059, -20, Térmico 

 15060, -20, Térmico 

 15061, -20, Térmico 

 15062, -20, Térmico 

 15063, -20, Térmico 

 15064, -20, Térmico 

 15065, -20, Térmico 

 15089, -20, Térmico 

 15090, -20, Térmico 

 15091, -20, Térmico 

 15092, -20, Térmico 

 15093, -20, Térmico 

 15094, -20, Térmico 

 15095, -20, Térmico 

 15096, -20, Térmico 

 15097, -20, Térmico 

 15098, -20, Térmico 

 16002, -20, Térmico 

 16003, -20, Térmico 

 16017, -20, Térmico 

 16018, -20, Térmico 

 16019, -20, Térmico 

 16065, -20, Térmico 

 16066, -20, Térmico 

 16067, -20, Térmico 

 16087, -20, Térmico 

 16088, -20, Térmico 

 16089, -20, Térmico 

 17001, -20, Térmico 

 17002, -20, Térmico 

 17003, -20, Térmico 

 17004, -20, Térmico 

 17005, -20, Térmico 

 17006, -20, Térmico 

 17007, -20, Térmico 

 17008, -20, Térmico 

 17009, -20, Térmico 
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 17010, -20, Térmico 

 17011, -20, Térmico 

 17012, -20, Térmico 

 17013, -20, Térmico 

 17014, -20, Térmico 

 17015, -20, Térmico 

 17016, -20, Térmico 

 17017, -20, Térmico 

 17018, -20, Térmico 

 17019, -20, Térmico 

 17020, -20, Térmico 

 17021, -20, Térmico 

 17063, -20, Térmico 

 17064, -20, Térmico 

 17065, -20, Térmico 

 17066, -20, Térmico 

 17067, -20, Térmico 

 17068, -20, Térmico 

 17069, -20, Térmico 

 17070, -20, Térmico 

 17071, -20, Térmico 

 17072, -20, Térmico 

 17073, -20, Térmico 

 17074, -20, Térmico 

 17075, -20, Térmico 

 17076, -20, Térmico 

 17077, -20, Térmico 

 17078, -20, Térmico 

 17079, -20, Térmico 

 17080, -20, Térmico 

 17081, -20, Térmico 

 17082, -20, Térmico 

 17083, -20, Térmico 

 17084, -20, Térmico 

 17085, -20, Térmico 

 17086, -20, Térmico 

 17087, -20, Térmico 

 17088, -20, Térmico 

 17089, -20, Térmico 

 17090, -20, Térmico 

 17091, -20, Térmico 

 18001, -20, Térmico 

 18007, -20, Térmico 

 18019, -20, Térmico 

 18031, -20, Térmico 

 18043, -20, Térmico 

 18053, -20, Térmico 

 18065, -20, Térmico 

 18077, -20, Térmico 

 18089, -20, Térmico 

 18095, -20, Térmico 

 101101, -20, Térmico 

 101102, -20, Térmico 

 101103, -20, Térmico 

 101110, -20, Térmico 

 101130, -20, Térmico 

 101140, -20, Térmico 

 101201, -20, Térmico 

 101202, -20, Térmico 

 101203, -20, Térmico 

 101220, -20, Térmico 

 101230, -20, Térmico 

 101240, -20, Térmico 

 102101, -20, Térmico 

 102102, -20, Térmico 

 102103, -20, Térmico 

 102110, -20, Térmico 

 102111, -20, Térmico 
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 102120, -20, Térmico 

 102121, -20, Térmico 

 102130, -20, Térmico 

 102131, -20, Térmico 

 102140, -20, Térmico 

 102141, -20, Térmico 

 102201, -20, Térmico 

 102202, -20, Térmico 

 102203, -20, Térmico 

 102210, -20, Térmico 

 102211, -20, Térmico 

 102220, -20, Térmico 

 102221, -20, Térmico 

 102230, -20, Térmico 

 102231, -20, Térmico 

 102240, -20, Térmico 

 102241, -20, Térmico 

 103001, -20, Térmico 

 103002, -20, Térmico 

 103003, -20, Térmico 

 103010, -20, Térmico 

 103020, -20, Térmico 

 103030, -20, Térmico 

 104002, -20, Térmico 

 104003, -20, Térmico 

 104010, -20, Térmico 

 104020, -20, Térmico 

 104030, -20, Térmico 

 105001, -20, Térmico 

 105002, -20, Térmico 

 105003, -20, Térmico 

 105010, -20, Térmico 

 105020, -20, Térmico 

 105030, -20, Térmico 

 106101, -20, Térmico 

 106102, -20, Térmico 

 106103, -20, Térmico 

 106110, -20, Térmico 

 106111, -20, Térmico 

 106120, -20, Térmico 

 106121, -20, Térmico 

 106130, -20, Térmico 

 106131, -20, Térmico 

 106140, -20, Térmico 

 106141, -20, Térmico 

 106201, -20, Térmico 

 106202, -20, Térmico 

 106203, -20, Térmico 

 106210, -20, Térmico 

 106211, -20, Térmico 

 106220, -20, Térmico 

 106221, -20, Térmico 

 106230, -20, Térmico 

 106231, -20, Térmico 

 106240, -20, Térmico 

 106241, -20, Térmico 

 107102, -20, Térmico 

 107103, -20, Térmico 

 107110, -20, Térmico 

 107130, -20, Térmico 

 107140, -20, Térmico 

 107202, -20, Térmico 

 107203, -20, Térmico 

 107220, -20, Térmico 

 107230, -20, Térmico 

 107240, -20, Térmico 

 108103, -20, Térmico 

 108110, -20, Térmico 
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 108111, -20, Térmico 

 108120, -20, Térmico 

 108121, -20, Térmico 

 108130, -20, Térmico 

 108131, -20, Térmico 

 108140, -20, Térmico 

 108141, -20, Térmico 

 108203, -20, Térmico 

 108210, -20, Térmico 

 108211, -20, Térmico 

 108220, -20, Térmico 

 108221, -20, Térmico 

 108230, -20, Térmico 

 108231, -20, Térmico 

 108240, -20, Térmico 

 108241, -20, Térmico 

 109003, -20, Térmico 

 109010, -20, Térmico 

 109020, -20, Térmico 

 109030, -20, Térmico 

 

; End of data for load case [TU-] ------------------------- 

 

*USE-STLD, TG+ 

 

*ELTEMPER    ; Element Temperatures 

; ELEM_LIST, TEMPER, GROUP 

  1001, 6, Térmico 

  1002, 6, Térmico 

  1003, 6, Térmico 

  1004, 6, Térmico 

  1005, 6, Térmico 

  1006, 6, Térmico 

  1007, 6, Térmico 

  1008, 6, Térmico 

  1009, 6, Térmico 

  1010, 6, Térmico 

  1011, 6, Térmico 

  1012, 6, Térmico 

  1013, 6, Térmico 

  1014, 6, Térmico 

  1015, 6, Térmico 

  1016, 6, Térmico 

  1017, 6, Térmico 

  1018, 6, Térmico 

  1019, 6, Térmico 

  1020, 6, Térmico 

  1021, 6, Térmico 

  1022, 6, Térmico 

  1023, 6, Térmico 

  1024, 6, Térmico 

  1025, 6, Térmico 

  1026, 6, Térmico 

  1027, 6, Térmico 

  1028, 6, Térmico 

  1029, 6, Térmico 

  1030, 6, Térmico 

  1031, 6, Térmico 

  1032, 6, Térmico 

  1033, 6, Térmico 

  1034, 6, Térmico 

  1035, 6, Térmico 

  1036, 6, Térmico 

  1037, 6, Térmico 

  1038, 6, Térmico 

  1039, 6, Térmico 

  1040, 6, Térmico 

  1041, 6, Térmico 
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  1042, 6, Térmico 

  1043, 6, Térmico 

  1044, 6, Térmico 

  1045, 6, Térmico 

  1046, 6, Térmico 

  1047, 6, Térmico 

  1048, 6, Térmico 

  1049, 6, Térmico 

  1050, 6, Térmico 

  1051, 6, Térmico 

  1052, 6, Térmico 

  1053, 6, Térmico 

  1054, 6, Térmico 

  1055, 6, Térmico 

  1056, 6, Térmico 

  1057, 6, Térmico 

  1058, 6, Térmico 

  1059, 6, Térmico 

  1060, 6, Térmico 

  1061, 6, Térmico 

  1062, 6, Térmico 

  1063, 6, Térmico 

  1064, 6, Térmico 

  1065, 6, Térmico 

  1066, 6, Térmico 

  1067, 6, Térmico 

  1068, 6, Térmico 

  1069, 6, Térmico 

  1070, 6, Térmico 

  1071, 6, Térmico 

  1072, 6, Térmico 

  1073, 6, Térmico 

  1074, 6, Térmico 

  1075, 6, Térmico 

  1076, 6, Térmico 

  1077, 6, Térmico 

  1078, 6, Térmico 

  1079, 6, Térmico 

  1080, 6, Térmico 

  1081, 6, Térmico 

  1082, 6, Térmico 

  1083, 6, Térmico 

  1084, 6, Térmico 

  1085, 6, Térmico 

  1086, 6, Térmico 

  1087, 6, Térmico 

  1088, 6, Térmico 

  1089, 6, Térmico 

  1090, 6, Térmico 

  1091, 6, Térmico 

  1092, 6, Térmico 

  1093, 6, Térmico 

  1094, 6, Térmico 

  1095, 6, Térmico 

  1096, 6, Térmico 

  1097, 6, Térmico 

  3004, 6, Térmico 

  3005, 6, Térmico 

  3006, 6, Térmico 

  3007, 6, Térmico 

  3008, 6, Térmico 

  3009, 6, Térmico 

  3010, 6, Térmico 

  3011, 6, Térmico 

  3012, 6, Térmico 

  3013, 6, Térmico 

  3014, 6, Térmico 

  3015, 6, Térmico 
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  3068, 6, Térmico 

  3069, 6, Térmico 

  3070, 6, Térmico 

  3071, 6, Térmico 

  3072, 6, Térmico 

  3073, 6, Térmico 

  3074, 6, Térmico 

  3075, 6, Térmico 

  3076, 6, Térmico 

  3077, 6, Térmico 

  3078, 6, Térmico 

  3079, 6, Térmico 

  3080, 6, Térmico 

  3081, 6, Térmico 

  3082, 6, Térmico 

  3083, 6, Térmico 

  3084, 6, Térmico 

  3085, 6, Térmico 

  4001, 6, Térmico 

  4002, 6, Térmico 

  4003, 6, Térmico 

  4016, 6, Térmico 

  4017, 6, Térmico 

  4018, 6, Térmico 

  4065, 6, Térmico 

  4066, 6, Térmico 

  4067, 6, Térmico 

  4086, 6, Térmico 

  4087, 6, Térmico 

  4088, 6, Térmico 

  6001, 6, Térmico 

  6002, 6, Térmico 

  6003, 6, Térmico 

  6016, 6, Térmico 

  6017, 6, Térmico 

  6018, 6, Térmico 

  6065, 6, Térmico 

  6066, 6, Térmico 

  6067, 6, Térmico 

  6086, 6, Térmico 

  6087, 6, Térmico 

  6088, 6, Térmico 

  7004, 6, Térmico 

  7005, 6, Térmico 

  7006, 6, Térmico 

  7007, 6, Térmico 

  7008, 6, Térmico 

  7009, 6, Térmico 

  7010, 6, Térmico 

  7011, 6, Térmico 

  7012, 6, Térmico 

  7013, 6, Térmico 

  7014, 6, Térmico 

  7015, 6, Térmico 

  7068, 6, Térmico 

  7069, 6, Térmico 

  7070, 6, Térmico 

  7071, 6, Térmico 

  7072, 6, Térmico 

  7073, 6, Térmico 

  7074, 6, Térmico 

  7075, 6, Térmico 

  7076, 6, Térmico 

  7077, 6, Térmico 

  7078, 6, Térmico 

  7079, 6, Térmico 

  7080, 6, Térmico 

  7081, 6, Térmico 
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  7082, 6, Térmico 

  7083, 6, Térmico 

  7084, 6, Térmico 

  7085, 6, Térmico 

  9001, 6, Térmico 

  9002, 6, Térmico 

  9003, 6, Térmico 

  9004, 6, Térmico 

  9005, 6, Térmico 

  9006, 6, Térmico 

  9007, 6, Térmico 

  9008, 6, Térmico 

  9009, 6, Térmico 

  9010, 6, Térmico 

  9011, 6, Térmico 

  9012, 6, Térmico 

  9013, 6, Térmico 

  9014, 6, Térmico 

  9015, 6, Térmico 

  9016, 6, Térmico 

  9017, 6, Térmico 

  9018, 6, Térmico 

  9019, 6, Térmico 

  9020, 6, Térmico 

  9021, 6, Térmico 

  9022, 6, Térmico 

  9023, 6, Térmico 

  9024, 6, Térmico 

  9025, 6, Térmico 

  9026, 6, Térmico 

  9027, 6, Térmico 

  9028, 6, Térmico 

  9029, 6, Térmico 

  9030, 6, Térmico 

  9031, 6, Térmico 

  9032, 6, Térmico 

  9033, 6, Térmico 

  9034, 6, Térmico 

  9035, 6, Térmico 

  9036, 6, Térmico 

  9037, 6, Térmico 

  9038, 6, Térmico 

  9039, 6, Térmico 

  9040, 6, Térmico 

  9041, 6, Térmico 

  9042, 6, Térmico 

  9043, 6, Térmico 

  9044, 6, Térmico 

  9045, 6, Térmico 

  9046, 6, Térmico 

  9047, 6, Térmico 

  9048, 6, Térmico 

  9049, 6, Térmico 

  9050, 6, Térmico 

  9051, 6, Térmico 

  9052, 6, Térmico 

  9053, 6, Térmico 

  9054, 6, Térmico 

  9055, 6, Térmico 

  9056, 6, Térmico 

  9057, 6, Térmico 

  9058, 6, Térmico 

  9059, 6, Térmico 

  9060, 6, Térmico 

  9061, 6, Térmico 

  9062, 6, Térmico 

  9063, 6, Térmico 

  9064, 6, Térmico 
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  9065, 6, Térmico 

  9066, 6, Térmico 

  9067, 6, Térmico 

  9068, 6, Térmico 

  9069, 6, Térmico 

  9070, 6, Térmico 

  9071, 6, Térmico 

  9072, 6, Térmico 

  9073, 6, Térmico 

  9074, 6, Térmico 

  9075, 6, Térmico 

  9076, 6, Térmico 

  9077, 6, Térmico 

  9078, 6, Térmico 

  9079, 6, Térmico 

  9080, 6, Térmico 

  9081, 6, Térmico 

  9082, 6, Térmico 

  9083, 6, Térmico 

  9084, 6, Térmico 

  9085, 6, Térmico 

  9086, 6, Térmico 

  9087, 6, Térmico 

  9088, 6, Térmico 

  9089, 6, Térmico 

  9090, 6, Térmico 

  9091, 6, Térmico 

  9092, 6, Térmico 

  9093, 6, Térmico 

  9094, 6, Térmico 

  9095, 6, Térmico 

  9096, 6, Térmico 

  9097, 6, Térmico 

 

*BSTEMPER    ; Beam Section Temperature 

; ELEM_LIST, DIR, REF, NUM, GROUP, bPSC              ; line 1 

;   TYPE1, ELAST1, THERMAL1, B1, H11, T11, H21, T21  ; line 2 

;   ... 

;   TYPEn, ELASTn, THERMALn, Bn, H1n, T1n, H2n, T2n  ; line n+1 

;   TYPE, ELAST, THERMAL, REF, BOPT, B, H1OPT, H1, H2OPT, H2, T1, T2 ; line 2(PSC) 

  3001, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3001, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3002, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3002, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3003, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3003, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3016, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3016, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3017, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3017, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3018, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3018, LZ, Bot, 2, , NO 
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    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3020, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3020, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3021, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3021, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3062, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3062, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3063, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3063, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3064, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3064, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3066, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3066, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3067, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3067, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3086, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3086, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3087, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3087, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3088, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3088, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3089, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3090, LZ, Bot, 1, , NO 
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    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3090, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  3091, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3091, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  5019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5019, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5020, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5020, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5021, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5021, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5022, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5022, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5023, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5023, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5024, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5024, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5025, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5025, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5026, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5026, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5027, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5027, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5028, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5028, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5029, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5029, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5030, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5030, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 
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    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5031, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5031, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5032, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5032, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5033, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5033, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5034, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5034, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5035, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5035, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5036, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5036, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5037, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5037, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5038, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5038, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5039, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5039, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5040, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5040, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5041, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5041, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5042, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5042, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5043, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5043, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5044, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 
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    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5044, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5045, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5045, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5046, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5046, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5047, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5047, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5048, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5048, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5049, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5049, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5050, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5050, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5051, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5051, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5052, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5052, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5053, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5053, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5054, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5054, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5055, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5055, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5056, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5056, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5057, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5057, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 
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  5058, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5058, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5059, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5059, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5060, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5060, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5061, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5061, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5062, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5062, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5063, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5063, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5064, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5064, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5089, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5090, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5090, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5091, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5091, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5092, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5092, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5093, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5093, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5094, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5094, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5095, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5095, LZ, Bot, 2, Térmico, NO 
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    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5096, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5096, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5097, LZ, Bot, 2, Térmico, NO 

    INPUT,  2.5126e+007, 9e-006,  1,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  1,  0.6, 3.5,  0.65, 6 

  5097, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  7001, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7001, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7002, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7002, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7003, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7003, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7016, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7016, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7017, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7017, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7018, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7018, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7020, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7020, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7021, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7021, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7062, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7062, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7063, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7063, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7064, LZ, Bot, 2, , NO 
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    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7064, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7066, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7066, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7067, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7067, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7086, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7086, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7087, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7087, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7088, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7088, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7089, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7090, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7090, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7091, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  7091, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11001, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11001, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11007, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11007, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11013, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11013, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11019, LZ, Bot, 1, , NO 
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    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11025, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11025, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11031, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11031, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11037, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11037, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11043, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11043, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11048, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11048, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11053, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11053, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11059, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11059, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11071, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11071, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11077, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11077, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11083, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11083, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11089, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11095, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11095, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11098, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 
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    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  11098, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12007, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12007, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  12019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  12031, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  12031, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12043, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  12043, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12053, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  12053, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  12065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12077, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12077, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  12089, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  12089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12095, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12095, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  13001, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13001, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  13019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  13019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  13089, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  13089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 
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  14019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  14019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  14065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  14065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  14089, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  14089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15001, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15001, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15025, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15025, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15031, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15031, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15037, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15037, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15043, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15043, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15048, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15048, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15053, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15053, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15059, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15059, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15089, LZ, Bot, 2, , NO 
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    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15095, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15095, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15098, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  15098, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  16019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  16019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  16065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  16065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  16089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  16089, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  17001, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  17001, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17007, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17007, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  17013, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17013, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  17019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  17065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  17071, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17071, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  17077, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17077, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  17083, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  17083, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17089, LZ, Bot, 1, , NO 
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    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17089, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  18007, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18007, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  18019, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18019, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  18031, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18031, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  18043, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  18043, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18053, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18053, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  18065, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  18065, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18077, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18077, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  18089, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18089, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

  18095, LZ, Bot, 1, , NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18095, LZ, Bot, 2, , NO 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

    INPUT,  2.5126e+007, 9e-006,  0.5,  0.6, 3.5,  0.65, 6 

 

; End of data for load case [TG+] ------------------------- 

 

*USE-STLD, SE01a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 100, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE01a] ------------------------- 

 

*USE-STLD, SE02a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 111146, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE02a] ------------------------- 
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*USE-STLD, SE02b 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 111246, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE02b] ------------------------- 

 

*USE-STLD, SE03a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 112142, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE03a] ------------------------- 

 

*USE-STLD, SE03b 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 112242, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE03b] ------------------------- 

 

*USE-STLD, SE04a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 113037, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE04a] ------------------------- 

 

*USE-STLD, SE05a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 114036, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE05a] ------------------------- 

 

*USE-STLD, SE06a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 115033, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE06a] ------------------------- 

 

*USE-STLD, SE07a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 116135, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE07a] ------------------------- 

 

*USE-STLD, SE07b 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 116235, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE07b] ------------------------- 

 

*USE-STLD, SE08a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 
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 117138, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE08a] ------------------------- 

 

*USE-STLD, SE08b 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 117238, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE08b] ------------------------- 

 

*USE-STLD, SE09a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 118137, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE09a] ------------------------- 

 

*USE-STLD, SE09b 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 118237, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE09b] ------------------------- 

 

*USE-STLD, SE10a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 129036, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 139036, 001000, 0, 0, -0.005, 0, 0, 0, Asientos 

 

; End of data for load case [SE10a] ------------------------- 

 

*SFUNCTION    ; Spectrum Function 

; FUNC=NAME, iTYPE, iMETHOD, SCALE/MAX, GRAV, DRATIO, DESC, RMF      ; line 1 

;   SPEC_CODE, [CODE_DATA]                                           ; line 2 

;      PERIOD1, VALUE1, PERIOD2, VALUE2, ...                         ; from line 3 

;[CODE_DATA] : NSC, SFI, SC, EQ, TG, DP, MaxEQ        

    ; CH2001 

;[CODE_DATA] : NSC, SFI, SC, EQ, TG, DP, MaxEQ, nLForce              ; CH2010 

;[CODE_DATA] : SFI, SC, EQ, TG, DP, MaxEQ                            ; CHSH2003 

;[CODE_DATA] : DIV, SC, SFI, EQ, TG, G                               ; GB50111_2006 

;[CODE_DATA] : BT, ZM, ST, SI, SC, TG, CI, CS, CD, EPA, SMAX, PERIOD ; JTG/T B02-01-2008 

;[CODE_DATA] : iSPE, SParam, TB, TC, TD, AG, Q, IF, FPX, FPY         ; P100-1(2013) 

   FUNC=PRODISIS_ST1_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.07,   0.050000,         0.294 

          0.100000,           0.6,   0.600000,           0.6 

          0.700000,         0.555,   0.800000,          0.52 

          0.900000,          0.49,   1.000000,         0.465 

          1.100000,         0.443,   1.200000,         0.424 

          1.300000,         0.408,   1.400000,         0.393 

          1.500000,         0.379,   1.600000,         0.367 

          1.700000,         0.356,   1.800000,         0.346 

          1.900000,         0.337,   2.000000,         0.329 

          2.250000,         0.258,   2.500000,         0.204 

          2.750000,         0.164,   3.000000,         0.133 

          3.250000,         0.109,   3.500000,         0.091 

          3.750000,         0.076,   4.000000,         0.065 

          4.250000,         0.056,   4.500000,         0.048 

          4.750000,         0.042,   5.000000,         0.037 

   FUNC=PRODISIS_ST2_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.168,   0.050000,         0.455 
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          0.100000,         0.786,   0.150000,         1.179 

          0.200000,         1.639,   1.400000,         1.639 

          1.500000,         1.566,   1.600000,           1.5 

          1.700000,          1.44,   1.800000,         1.387 

          1.900000,         1.337,   2.000000,         1.292 

          2.100000,         1.113,   2.200000,         0.966 

          2.300000,         0.844,   2.400000,         0.742 

          2.500000,         0.656,   2.600000,         0.584 

          2.700000,         0.522,   2.800000,         0.468 

          2.900000,         0.422,   3.000000,         0.382 

          3.250000,         0.302,   3.500000,         0.244 

          3.750000,         0.199,   4.000000,         0.166 

          4.250000,         0.139,   4.500000,         0.118 

          4.750000,         0.101,   5.000000,         0.088 

   FUNC=PRODISIS_ST3_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.189,   0.050000,         0.538 

          0.100000,         0.946,   0.150000,         1.428 

          0.200000,         1.995,   2.000000,         1.995 

          2.100000,         1.611,   2.200000,         1.319 

          2.300000,         1.092,   2.400000,         0.913 

          2.500000,         0.771,   2.600000,         0.657 

          2.700000,         0.564,   2.800000,         0.488 

          2.900000,         0.425,   3.000000,         0.372 

          3.100000,         0.328,   3.200000,          0.29 

          3.300000,         0.258,   3.400000,         0.231 

          3.500000,         0.207,   3.600000,         0.186 

          3.700000,         0.168,   3.800000,         0.153 

          3.900000,         0.139,   4.000000,         0.127 

          4.250000,         0.102,   4.500000,         0.083 

          4.750000,         0.069,   5.000000,         0.058 

   FUNC=SASID(N)_ST1_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.097,   0.050000,         0.142 

          0.100000,         0.189,   0.150000,         0.246 

          0.200000,         0.314,   0.250000,         0.394 

          0.300000,         0.487,   0.350000,         0.596 

          0.400000,         0.723,   1.300000,         0.723 

          1.400000,         0.663,   1.500000,         0.604 

          1.600000,          0.55,   1.700000,         0.501 

          1.800000,         0.457,   1.900000,         0.418 

          2.000000,         0.382,   2.100000,         0.351 

          2.250000,          0.31,   2.500000,         0.256 

          2.750000,         0.214,   3.000000,         0.181 

          3.250000,         0.155,   3.500000,         0.134 

          3.750000,         0.117,   4.000000,         0.103 

          4.250000,         0.091,   4.500000,         0.081 

          4.750000,         0.073,   5.000000,         0.066 

   FUNC=SASID(N)_ST2_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.231,   0.050000,          0.37 

          0.100000,         0.523,   0.150000,         0.707 

          0.200000,         0.927,   0.250000,         1.187 

          0.300000,         1.492,   0.350000,         1.846 

          0.400000,         2.254,   1.300000,         2.254 

          1.400000,         2.067,   1.500000,         1.886 

          1.600000,         1.717,   1.700000,         1.564 

          1.800000,         1.426,   1.900000,         1.303 

          2.000000,         1.193,   2.100000,         1.095 

          2.250000,         0.968,   2.500000,         0.797 

          2.750000,         0.666,   3.000000,         0.564 

          3.250000,         0.483,   3.500000,         0.418 

          3.750000,         0.365,   4.000000,         0.321 

          4.250000,         0.285,   4.500000,         0.254 

          4.750000,         0.228,   5.000000,         0.206 

   FUNC=SASID(N)_ST3_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.259,   0.050000,         0.428 
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          0.100000,         0.616,   0.150000,         0.842 

          0.200000,         1.113,   0.250000,         1.432 

          0.300000,         1.807,   0.350000,         2.241 

          0.400000,         2.743,   1.300000,         2.743 

          1.400000,         2.516,   1.500000,         2.295 

          1.600000,         2.089,   1.700000,         1.903 

          1.800000,         1.735,   1.900000,         1.585 

          2.000000,         1.452,   2.100000,         1.333 

          2.250000,         1.178,   2.500000,          0.97 

          2.750000,         0.811,   3.000000,         0.687 

          3.250000,         0.588,   3.500000,         0.509 

          3.750000,         0.444,   4.000000,         0.391 

          4.250000,         0.346,   4.500000,         0.309 

          4.750000,         0.277,   5.000000,          0.25 

   FUNC=SASID(S)_ST1_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.08,   0.050000,         0.117 

          0.100000,         0.156,   0.150000,         0.202 

          0.200000,         0.257,   0.250000,         0.322 

          0.300000,         0.399,   0.350000,         0.488 

          0.400000,         0.591,   1.400000,         0.591 

          1.500000,         0.546,   1.600000,         0.501 

          1.700000,          0.46,   1.800000,         0.421 

          1.900000,         0.387,   2.000000,         0.355 

          2.100000,         0.327,   2.200000,         0.302 

          2.300000,         0.279,   2.500000,          0.24 

          2.750000,         0.201,   3.000000,         0.171 

          3.250000,         0.146,   3.500000,         0.127 

          3.750000,         0.111,   4.000000,         0.098 

          4.250000,         0.087,   4.500000,         0.077 

          4.750000,         0.069,   5.000000,         0.063 

   FUNC=SASID(S)_ST2_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.19,   0.050000,         0.305 

          0.100000,         0.431,   0.150000,         0.583 

          0.200000,         0.764,   0.250000,         0.978 

          0.300000,         1.229,   0.350000,         1.521 

          0.400000,         1.857,   1.400000,         1.857 

          1.500000,         1.714,   1.600000,         1.574 

          1.700000,         1.443,   1.800000,         1.323 

          1.900000,         1.214,   2.000000,         1.116 

          2.100000,         1.027,   2.200000,         0.947 

          2.300000,         0.876,   2.500000,         0.753 

          2.750000,         0.631,   3.000000,         0.536 

          3.250000,          0.46,   3.500000,         0.398 

          3.750000,         0.348,   4.000000,         0.306 

          4.250000,         0.272,   4.500000,         0.243 

          4.750000,         0.218,   5.000000,         0.197 

   FUNC=SASID(S)_ST3_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.214,   0.050000,         0.353 

          0.100000,         0.507,   0.150000,         0.694 

          0.200000,         0.917,   0.250000,          1.18 

          0.300000,         1.489,   0.350000,         1.847 

          0.400000,          2.26,   1.400000,          2.26 

          1.500000,         2.086,   1.600000,         1.916 

          1.700000,         1.757,   1.800000,          1.61 

          1.900000,         1.477,   2.000000,         1.358 

          2.100000,          1.25,   2.200000,         1.153 

          2.300000,         1.066,   2.500000,         0.917 

          2.750000,         0.768,   3.000000,         0.652 

          3.250000,         0.559,   3.500000,         0.484 

          3.750000,         0.423,   4.000000,         0.373 

          4.250000,         0.331,   4.500000,         0.295 

          4.750000,         0.265,   5.000000,         0.239 

   FUNC=PRODISIS_ST1_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.039,   0.050000,         0.113 
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          0.100000,         0.187,   0.600000,         0.187 

          0.700000,         0.174,   0.800000,         0.162 

          0.900000,         0.153,   1.000000,         0.145 

          1.100000,         0.138,   1.200000,         0.133 

          1.300000,         0.127,   1.400000,         0.123 

          1.500000,         0.119,   1.600000,         0.115 

          1.700000,         0.111,   1.800000,         0.108 

          1.900000,         0.105,   2.000000,         0.103 

          2.250000,         0.081,   2.500000,         0.064 

          2.750000,         0.051,   3.000000,         0.041 

          3.250000,         0.034,   3.500000,         0.028 

          3.750000,         0.024,   4.000000,          0.02 

          4.250000,         0.017,   4.500000,         0.015 

          4.750000,         0.013,   5.000000,         0.012 

   FUNC=PRODISIS_ST2_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.094,   0.050000,         0.199 

          0.100000,         0.303,   0.150000,         0.408 

          0.200000,         0.512,   1.400000,         0.512 

          1.500000,         0.489,   1.600000,         0.469 

          1.700000,          0.45,   1.800000,         0.433 

          1.900000,         0.418,   2.000000,         0.404 

          2.100000,         0.348,   2.200000,         0.302 

          2.300000,         0.264,   2.400000,         0.232 

          2.500000,         0.205,   2.600000,         0.182 

          2.700000,         0.163,   2.800000,         0.146 

          2.900000,         0.132,   3.000000,         0.119 

          3.250000,         0.094,   3.500000,         0.076 

          3.750000,         0.062,   4.000000,         0.052 

          4.250000,         0.044,   4.500000,         0.037 

          4.750000,         0.032,   5.000000,         0.027 

   FUNC=PRODISIS_ST3_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.106,   0.050000,         0.235 

          0.100000,         0.365,   0.150000,         0.494 

          0.200000,         0.623,   2.000000,         0.623 

          2.100000,         0.504,   2.200000,         0.412 

          2.300000,         0.341,   2.400000,         0.285 

          2.500000,         0.241,   2.600000,         0.205 

          2.700000,         0.176,   2.800000,         0.153 

          2.900000,         0.133,   3.000000,         0.116 

          3.100000,         0.102,   3.200000,         0.091 

          3.300000,         0.081,   3.400000,         0.072 

          3.500000,         0.065,   3.600000,         0.058 

          3.700000,         0.053,   3.800000,         0.048 

          3.900000,         0.043,   4.000000,          0.04 

          4.250000,         0.032,   4.500000,         0.026 

          4.750000,         0.022,   5.000000,         0.018 

   FUNC=SASID(N)_ST1_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.054,   0.050000,         0.067 

          0.100000,         0.083,   0.150000,         0.101 

          0.200000,         0.121,   0.250000,         0.144 

          0.300000,         0.169,   0.350000,         0.196 

          0.400000,         0.226,   1.300000,         0.226 

          1.400000,         0.207,   1.500000,         0.189 

          1.600000,         0.172,   1.700000,         0.157 

          1.800000,         0.143,   1.900000,         0.131 

          2.000000,          0.12,   2.100000,          0.11 

          2.250000,         0.097,   2.500000,          0.08 

          2.750000,         0.067,   3.000000,         0.057 

          3.250000,         0.048,   3.500000,         0.042 

          3.750000,         0.037,   4.000000,         0.032 

          4.250000,         0.029,   4.500000,         0.025 

          4.750000,         0.023,   5.000000,         0.021 

   FUNC=SASID(N)_ST2_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.13,   0.050000,         0.176 
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          0.100000,         0.229,   0.150000,         0.289 

          0.200000,         0.358,   0.250000,         0.433 

          0.300000,         0.516,   0.350000,         0.607 

          0.400000,         0.704,   1.300000,         0.704 

          1.400000,         0.646,   1.500000,         0.589 

          1.600000,         0.537,   1.700000,         0.489 

          1.800000,         0.446,   1.900000,         0.407 

          2.000000,         0.373,   2.100000,         0.342 

          2.250000,         0.302,   2.500000,         0.249 

          2.750000,         0.208,   3.000000,         0.176 

          3.250000,         0.151,   3.500000,         0.131 

          3.750000,         0.114,   4.000000,           0.1 

          4.250000,         0.089,   4.500000,         0.079 

          4.750000,         0.071,   5.000000,         0.064 

   FUNC=SASID(N)_ST3_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.146,   0.050000,         0.203 

          0.100000,         0.269,   0.150000,         0.345 

          0.200000,         0.429,   0.250000,         0.523 

          0.300000,         0.625,   0.350000,         0.737 

          0.400000,         0.857,   1.300000,         0.857 

          1.400000,         0.786,   1.500000,         0.717 

          1.600000,         0.653,   1.700000,         0.595 

          1.800000,         0.542,   1.900000,         0.495 

          2.000000,         0.454,   2.100000,         0.417 

          2.250000,         0.368,   2.500000,         0.303 

          2.750000,         0.253,   3.000000,         0.215 

          3.250000,         0.184,   3.500000,         0.159 

          3.750000,         0.139,   4.000000,         0.122 

          4.250000,         0.108,   4.500000,         0.097 

          4.750000,         0.087,   5.000000,         0.078 

   FUNC=SASID(S)_ST1_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.045,   0.050000,         0.055 

          0.100000,         0.068,   0.150000,         0.083 

          0.200000,         0.099,   0.250000,         0.118 

          0.300000,         0.138,   0.350000,          0.16 

          0.400000,         0.185,   1.400000,         0.185 

          1.500000,         0.171,   1.600000,         0.157 

          1.700000,         0.144,   1.800000,         0.132 

          1.900000,         0.121,   2.000000,         0.111 

          2.100000,         0.102,   2.200000,         0.094 

          2.300000,         0.087,   2.500000,         0.075 

          2.750000,         0.063,   3.000000,         0.053 

          3.250000,         0.046,   3.500000,          0.04 

          3.750000,         0.035,   4.000000,          0.03 

          4.250000,         0.027,   4.500000,         0.024 

          4.750000,         0.022,   5.000000,          0.02 

   FUNC=SASID(S)_ST2_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.107,   0.050000,         0.145 

          0.100000,         0.189,   0.150000,         0.239 

          0.200000,         0.295,   0.250000,         0.357 

          0.300000,         0.425,   0.350000,           0.5 

          0.400000,          0.58,   1.400000,          0.58 

          1.500000,         0.536,   1.600000,         0.492 

          1.700000,         0.451,   1.800000,         0.413 

          1.900000,         0.379,   2.000000,         0.349 

          2.100000,         0.321,   2.200000,         0.296 

          2.300000,         0.274,   2.500000,         0.235 

          2.750000,         0.197,   3.000000,         0.167 

          3.250000,         0.144,   3.500000,         0.124 

          3.750000,         0.109,   4.000000,         0.096 

          4.250000,         0.085,   4.500000,         0.076 

          4.750000,         0.068,   5.000000,         0.061 

   FUNC=SASID(S)_ST3_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.12,   0.050000,         0.167 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 212 DE 708 

 

 

          0.100000,         0.222,   0.150000,         0.284 

          0.200000,         0.354,   0.250000,         0.431 

          0.300000,         0.515,   0.350000,         0.607 

          0.400000,         0.706,   1.400000,         0.706 

          1.500000,         0.652,   1.600000,         0.599 

          1.700000,         0.549,   1.800000,         0.503 

          1.900000,         0.462,   2.000000,         0.424 

          2.100000,         0.391,   2.200000,          0.36 

          2.300000,         0.333,   2.500000,         0.287 

          2.750000,          0.24,   3.000000,         0.204 

          3.250000,         0.175,   3.500000,         0.151 

          3.750000,         0.132,   4.000000,         0.117 

          4.250000,         0.103,   4.500000,         0.092 

          4.750000,         0.083,   5.000000,         0.075 

 

*SPLDCASE    ; Spectrum Load Cases 

; NAME=NAME, DIR, ANGLE, SCALE, PMFT, bDAMP, bECC, INTERP, DESC,       ; line 1 

;      COMTYPE, bADDSIGN, iSIGNTYPE, bMODE                             ; line 2 

;      FUNC1, FUNC2, FUNC3, ...                                        ; line 3 

;      bUSE1, dFACTOR1, bUSE2, dFACTOR2, ..., bUSEn, dFACTORn          ; line 4 (bMODE=YES) 

;      bCDR, [DR-DC]                                                   ; line 5 (bDAMP=YES) 

; [DR-DC] : iMDTYPE, DALL, iMODE1, DAMPING1, iMODE2, DAMPING2, ...     ; iMDTYPE=1 

;         : iMDTYPE, iCOEF, bMASSP, MASSC, bSTIFFP, STIFFC             ; iMDTYPE=2, iCOEF=1 

;         : iMDTYPE, iCOEF, iCALC, bMASSP, FP1, DR1, bSTIFFP, FP2, DR2 ; iMDTYPE=2, iCOEF=2 

;         : iMDTYPE                                                    ; iMDTYPE=3 

   NAME=Sismo_X(1), XY, 0, 1, 1, NO, NO, LINEAR, Sismo_X(1) 

        CQC, NO, 0, YES 

        PRODISIS_ST1_Ext 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_Y(1), XY, 90, 1, 1, NO, NO, LINEAR, Sismo_Y(1) 

        CQC, NO, 0, YES 

        PRODISIS_ST1_Ext 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_X(2), XY, 0, 1, 1, NO, NO, LINEAR, Sismo_X(2) 

        CQC, NO, 0, YES 

        SASID(N)_ST1_Ext 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_Y(2), XY, 90, 1, 1, NO, NO, LINEAR, Sismo_Y(2) 

        CQC, NO, 0, YES 

        SASID(N)_ST1_Ext 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_X_Ser(1), XY, 0, 1, 1, NO, NO, LINEAR, Sismo_X_Ser(1) 

        CQC, NO, 0, YES 

        PRODISIS_ST1_Ser 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_Y_Ser(1), XY, 90, 1, 1, NO, NO, LINEAR, Sismo_Y_Ser(1) 

        CQC, NO, 0, YES 

        PRODISIS_ST1_Ser 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_X_Ser(2), XY, 0, 1, 1, NO, NO, LINEAR, Sismo_X_Ser(2) 

        CQC, NO, 0, YES 

        SASID(N)_ST1_Ser 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_Y_Ser(2), XY, 90, 1, 1, NO, NO, LINEAR, Sismo_Y_Ser(2) 

        CQC, NO, 0, YES 

        SASID(N)_ST1_Ser 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

 

 

*MEMBER    ; Member 

; iKEY, ELEM, bREVERSE, AELEM1, AELEM2, ... 

   1, 1001, NO, 1002, 1003, 1004, 1005, 1006, 1007, 1008, 1009, 1010, 1011, \ 

        1012, 1013, 1014, 1015, 1016, 1017, 1018 

   2, 1022, NO, 1023, 1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033 

   3, 9022, NO, 9023, 9024, 9025, 9026, 9027, 9028, 9029, 9030, 9031, 9032, 9033 

   12, 9001, NO, 9002, 9003, 9004, 9005, 9006, 9007, 9008, 9009, 9010, 9011, \ 

        9012, 9013, 9014, 9015, 9016, 9017, 9018 
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*STAGE-CTRL    ; Construction Stage Analysis Control Data 

; bLAST-FINAL, FINAL-STAGE, CPFC, bEXT_REPL, bCALC-CFF, bCALC-CSP, bAPPLY-IMF,                    \ ; line 

1 

; bCONV, bTRUSS, bBEAM, bITD, iITD, GROUP,                                                        \ ; line 

1 

; bSAVE-OCS, bLFFC, LFFGR, bCAMBER, bSELFCONS, bCHANGE-CABLE                                         ; 

line 1 

; bINC-NLA, iNLA-TYPE, bIEMF, iLSTEP, iMAXITER, bENEG, EV, bDISP, DV, bFORC, FV, CF, BSSTEP, ADSTEP  ; 

line 2 

; bINC-PDL, iITER, TOL                                                                               ; 

line 3 

; bINC-TDE, bCNS, TYPE, iITER, TOL, bTTLE_CS, bRCE, bVAR, bTTLE_ES, iTTLE_ES, bAPPLY-ELA             ; 

line 4 

; bOUCC, bITS, iITS, bATS, iT10, iT100, iT1K, iT5K, iT10K                                            ; 

line 5 

; bSD, iSDOPT, SDCONST, iBSC, bSDLE, GLC1, GLC2, ...                                                 ; 

line 6 

; LTYPECC, EREC, LCNAME1, LCNAME2, LCNAME3, ...                                                      ; 

from line 7~end 

  YES, , INTERNAL, NO, NO, YES, NO, NO, NO, NO, NO, , , NO, NO, , NO, NO, NO 

  0  

  NO 

  YES, YES, BOTH, 5, 0.01, YES, NO, YES, YES, 0, NO 

  NO, NO, 2, YES, 2, 5, 7, 10, 20 

  NO, , , 1, NO 

  DW, DW, Barandilla y luminarias, Pavimento estructural 

  Pavimento no estructural 

 

*LOADCOMB    ; Combinations 

; NAME=NAME, KIND, ACTIVE, bES, iTYPE, DESC, iSERV-TYPE, nLCOMTYPE, nSEISTYPE   ; line 1 

;      ANAL1, LCNAME1, FACT1, ...                                               ; from line 2 

   NAME=DC, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        ST, Peso propio, 1, ST, Peso lastres, 1, ST, Pavimento estructural, 4 

   NAME=DC_0.90, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DC, 0.9 

   NAME=DC_1.00, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC, 1 

   NAME=DC_1.25, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DC, 1.25 

   NAME=DC_1.50, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DC, 1.5 

   NAME=DC_0.90/1.25, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, DC_0.90, 1, CBS, DC_1.25, 1 

   NAME=DC_0.90/1.50, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, DC_0.90, 1, CBS, DC_1.50, 1 

   NAME=DW, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        ST, Pavimento no estructural, 1.65, ST, Barandilla y luminarias, 1 

   NAME=DW_0.65, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DW, 0.65 

   NAME=DW_1.00, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DW, 1 

   NAME=DW_1.50, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DW, 1.5 

   NAME=DW_0.65/1.50, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, DW_0.65, 1, CBS, DW_1.50, 1 

   NAME=PL_max_aux, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        ST, PL01d_ext, 4.3, ST, PL01i_ext, 4.3, ST, PL01d_int, 4.3 

        ST, PL01i_int, 4.3, ST, PL02d_ext, 4.3, ST, PL02i_ext, 4.3 

        ST, PL02d_int, 4.3, ST, PL02i_int, 4.3, ST, PL03d_ext, 4.3 

        ST, PL03i_ext, 4.3, ST, PL03d_int, 4.3, ST, PL03i_int, 4.3 

        ST, PL04d_ext, 4.3, ST, PL04i_ext, 4.3, ST, PL04d_int, 4.3 

        ST, PL04i_int, 4.3, ST, PL05d_ext, 4.3, ST, PL05i_ext, 4.3 

        ST, PL05d_int, 4.3, ST, PL05i_int, 4.3, ST, PL06d_ext, 4.3 

        ST, PL06i_ext, 4.3, ST, PL06d_int, 4.3, ST, PL06i_int, 4.3 

        ST, PL07d_ext, 4.3, ST, PL07i_ext, 4.3, ST, PL07d_int, 4.3 

        ST, PL07i_int, 4.3, ST, PL08d_ext, 4.3, ST, PL08i_ext, 4.3 

        ST, PL08d_int, 4.3, ST, PL08i_int, 4.3, ST, PL09d_ext, 4.3 

        ST, PL09i_ext, 4.3, ST, PL09d_int, 4.3, ST, PL09i_int, 4.3 
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        ST, PL10d_ext, 4.3, ST, PL10i_ext, 4.3, ST, PL10d_int, 4.3 

        ST, PL10i_int, 4.3 

   NAME=PL01d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01d_ext, 1, ST, Aux, 0.0001 

   NAME=PL01i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01i_ext, 1, ST, Aux, 0.0001 

   NAME=PL01d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01d_int, 1, ST, Aux, 0.0001 

   NAME=PL01i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01i_int, 1, ST, Aux, 0.0001 

   NAME=PL01, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, PL01d-ext_, 1, CBS, PL01i-ext_, 1, CBS, PL01d-int_, 1 

        CBS, PL01i-int_, 1 

   NAME=PL02d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02d_ext, 1, ST, Aux, 0.0001 

   NAME=PL02i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02i_ext, 1, ST, Aux, 0.0001 

   NAME=PL02d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02d_int, 1, ST, Aux, 0.0001 

   NAME=PL02i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02i_int, 1, ST, Aux, 0.0001 

   NAME=PL02, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL02d-ext_, 1, CBS, PL02i-ext_, 1, CBS, PL02d-int_, 1 

        CBS, PL02i-int_, 1 

   NAME=PL03d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03d_ext, 1, ST, Aux, 0.0001 

   NAME=PL03i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03i_ext, 1, ST, Aux, 0.0001 

   NAME=PL03d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03d_int, 1, ST, Aux, 0.0001 

   NAME=PL03i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03i_int, 1, ST, Aux, 0.0001 

   NAME=PL03, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL03d-ext_, 1, CBS, PL03i-ext_, 1, CBS, PL03d-int_, 1 

        CBS, PL03i-int_, 1 

   NAME=PL04d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04d_ext, 1, ST, Aux, 0.0001 

   NAME=PL04i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04i_ext, 1, ST, Aux, 0.0001 

   NAME=PL04d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04d_int, 1, ST, Aux, 0.0001 

   NAME=PL04i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04i_int, 1, ST, Aux, 0.0001 

   NAME=PL04, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL04d-ext_, 1, CBS, PL04i-ext_, 1, CBS, PL04d-int_, 1 

        CBS, PL04i-int_, 1 

   NAME=PL05d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05d_ext, 1, ST, Aux, 0.0001 

   NAME=PL05i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05i_ext, 1, ST, Aux, 0.0001 

   NAME=PL05d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05d_int, 1, ST, Aux, 0.0001 

   NAME=PL05i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05i_int, 1, ST, Aux, 0.0001 

   NAME=PL05, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL05d-ext_, 1, CBS, PL05i-ext_, 1, CBS, PL05d-int_, 1 

        CBS, PL05i-int_, 1 

   NAME=PL06d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06d_ext, 1, ST, Aux, 0.0001 

   NAME=PL06i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06i_ext, 1, ST, Aux, 0.0001 

   NAME=PL06d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06d_int, 1, ST, Aux, 0.0001 

   NAME=PL06i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06i_int, 1, ST, Aux, 0.0001 

   NAME=PL06, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL06d-ext_, 1, CBS, PL06i-ext_, 1, CBS, PL06d-int_, 1 

        CBS, PL06i-int_, 1 
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   NAME=PL07d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07d_ext, 1, ST, Aux, 0.0001 

   NAME=PL07i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07i_ext, 1, ST, Aux, 0.0001 

   NAME=PL07d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07d_int, 1, ST, Aux, 0.0001 

   NAME=PL07i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07i_int, 1, ST, Aux, 0.0001 

   NAME=PL07, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL07d-ext_, 1, CBS, PL07i-ext_, 1, CBS, PL07d-int_, 1 

        CBS, PL07i-int_, 1 

   NAME=PL08d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08d_ext, 1, ST, Aux, 0.0001 

   NAME=PL08i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08i_ext, 1, ST, Aux, 0.0001 

   NAME=PL08d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08d_int, 1, ST, Aux, 0.0001 

   NAME=PL08i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08i_int, 1, ST, Aux, 0.0001 

   NAME=PL08, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL08d-ext_, 1, CBS, PL08i-ext_, 1, CBS, PL08d-int_, 1 

        CBS, PL08i-int_, 1 

   NAME=PL09d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09d_ext, 1, ST, Aux, 0.0001 

   NAME=PL09i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09i_ext, 1, ST, Aux, 0.0001 

   NAME=PL09d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09d_int, 1, ST, Aux, 0.0001 

   NAME=PL09i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09i_int, 1, ST, Aux, 0.0001 

   NAME=PL09, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL09d-ext_, 1, CBS, PL09i-ext_, 1, CBS, PL09d-int_, 1 

        CBS, PL09i-int_, 1 

   NAME=PL10d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10d_ext, 1, ST, Aux, 0.0001 

   NAME=PL10i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10i_ext, 1, ST, Aux, 0.0001 

   NAME=PL10d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10d_int, 1, ST, Aux, 0.0001 

   NAME=PL10i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10i_int, 1, ST, Aux, 0.0001 

   NAME=PL10, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL10d-ext_, 1, CBS, PL10i-ext_, 1, CBS, PL10d-int_, 1 

        CBS, PL10i-int_, 1 

   NAME=PL_ENV, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL01, 1, CBS, PL02, 1, CBS, PL03, 1, CBS, PL04, 1, CBS, PL05, 1 

        CBS, PL06, 1, CBS, PL07, 1, CBS, PL08, 1, CBS, PL09, 1, CBS, PL10, 1 

   NAME=PL_AAHSTO, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, PL_ENV, 4.3 

   NAME=PL_Extreme, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, PL_ENV, 7.19 

   NAME=TU_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        ST, TU+, 1, ST, TU-, 1 

   NAME=TG-_CB, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        ST, TG+, -0.5 

   NAME=TG_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        ST, TG+, 1, CBS, TG-_CB, 1 

   NAME=EQ_1 X+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(1), 1 

   NAME=EQ_1 X-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(1), -1 

   NAME=EQ_1 Y+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(1), 1 

   NAME=EQ_1 Y-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(1), -1 

   NAME=EQ_1 X env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_1 X+, 1, CBS, EQ_1 X-, 1 

   NAME=EQ_1 Y env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 
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        CBS, EQ_1 Y+, 1, CBS, EQ_1 Y-, 1 

   NAME=EQ_1 1.0X/0.3Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_1 X env, 1, CBS, EQ_1 Y env, 0.3 

   NAME=EQ_1 0.3X/1.0Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_1 X env, 0.3, CBS, EQ_1 Y env, 1 

   NAME=EQ_1_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_1 1.0X/0.3Y, 1, CBS, EQ_1 0.3X/1.0Y, 1 

   NAME=EQ_2 X+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(2), 1 

   NAME=EQ_2 X-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(2), -1 

   NAME=EQ_2 Y+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(2), 1 

   NAME=EQ_2 Y-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(2), -1 

   NAME=EQ_2 X env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_2 X+, 1, CBS, EQ_2 X-, 1 

   NAME=EQ_2 Y env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_2 Y+, 1, CBS, EQ_2 Y-, 1 

   NAME=EQ_2 1.0X/0.3Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_2 X env, 1, CBS, EQ_2 Y env, 0.3 

   NAME=EQ_2 0.3X/1.0Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_2 X env, 0.3, CBS, EQ_2 Y env, 1 

   NAME=EQ_2_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_2 1.0X/0.3Y, 1, CBS, EQ_2 0.3X/1.0Y, 1 

   NAME=EQ_1.0X/0.3Y_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_1 1.0X/0.3Y, 1, CBS, EQ_2 1.0X/0.3Y, 1 

   NAME=EQ_0.3X/1.0Y_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_1 0.3X/1.0Y, 1, CBS, EQ_2 0.3X/1.0Y, 1 

   NAME=EQ_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_1_ENV, 1, CBS, EQ_2_ENV, 1 

   NAME=EQ_Ser_1 X+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(1), 1 

   NAME=EQ_Ser_1 X-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(1), -1 

   NAME=EQ_Ser_1 Y+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(1), 1 

   NAME=EQ_Ser_1 Y-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(1), -1 

   NAME=EQ_Ser_1 X env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1 X+, 1, CBS, EQ_Ser_1 X-, 1 

   NAME=EQ_Ser_1 Y env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1 Y+, 1, CBS, EQ_Ser_1 Y-, 1 

   NAME=EQ_Ser_1 1.0X/0.3Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_Ser_1 X env, 1, CBS, EQ_Ser_1 Y env, 0.3 

   NAME=EQ_Ser_1 0.3X/1.0Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_Ser_1 X env, 0.3, CBS, EQ_Ser_1 Y env, 1 

   NAME=EQ_Ser_1_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1 1.0X/0.3Y, 1, CBS, EQ_Ser_1 0.3X/1.0Y, 1 

   NAME=EQ_Ser_2 X+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(2), 1 

   NAME=EQ_Ser_2 X-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(2), -1 

   NAME=EQ_Ser_2 Y+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(2), 1 

   NAME=EQ_Ser_2 Y-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(2), -1 

   NAME=EQ_Ser_2 X env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_2 X+, 1, CBS, EQ_Ser_2 X-, 1 

   NAME=EQ_Ser_2 Y env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_2 Y+, 1, CBS, EQ_Ser_2 Y-, 1 

   NAME=EQ_Ser_2 1.0X/0.3Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_Ser_2 X env, 1, CBS, EQ_Ser_2 Y env, 0.3 

   NAME=EQ_Ser_2 0.3X/1.0Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_Ser_2 X env, 0.3, CBS, EQ_Ser_2 Y env, 1 

   NAME=EQ_Ser_2_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_2 1.0X/0.3Y, 1, CBS, EQ_Ser_2 0.3X/1.0Y, 1 

   NAME=EQ_Ser_1.0X/0.3Y, STEEL, SERVICE, 0, 1, , 0, 0, 0 
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        CBS, EQ_Ser_1 1.0X/0.3Y, 1, CBS, EQ_Ser_2 1.0X/0.3Y, 1 

   NAME=EQ_Ser_0.3X/1.0Y, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1 0.3X/1.0Y, 1, CBS, EQ_Ser_2 0.3X/1.0Y, 1 

   NAME=EQ_Ser_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1_ENV, 1, CBS, EQ_Ser_2_ENV, 1 

   NAME=WS+X_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+X, 1, ST, Aux, 0.0001 

   NAME=WS-X_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-X, 1, ST, Aux, 0.0001 

   NAME=WS+Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Y, 1, ST, Aux, 0.0001 

   NAME=WS-Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Y, 1, ST, Aux, 0.0001 

   NAME=WS+Z+Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Z+Y, 1, ST, Aux, 0.0001 

   NAME=WS-Z+Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Z+Y, 1, ST, Aux, 0.0001 

   NAME=WS+Z-Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Z-Y, 1, ST, Aux, 0.0001 

   NAME=WS-Z-Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Z-Y, 1, ST, Aux, 0.0001 

   NAME=WS+Y+Z, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, WS+Y_, 1, CBS, WS+Z+Y_, 1 

   NAME=WS+Y-Z, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, WS+Y_, 1, CBS, WS-Z+Y_, 1 

   NAME=WS-Y+Z, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, WS-Y_, 1, CBS, WS+Z-Y_, 1 

   NAME=WS-Y-Z, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, WS-Y_, 1, CBS, WS-Z-Y_, 1 

   NAME=WS_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, WS+X_, 1, CBS, WS-X_, 1, CBS, WS+Y+Z, 1, CBS, WS+Y-Z, 1 

        CBS, WS-Y+Z, 1, CBS, WS-Y-Z, 1 

   NAME=SE01a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE01a, 1, ST, Aux, 0.0001 

   NAME=SE01b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE01b, 1, ST, Aux, 0.0001 

   NAME=SE02a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE02a, 1, ST, Aux, 0.0001 

   NAME=SE02b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE02b, 1, ST, Aux, 0.0001 

   NAME=SE03a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE03a, 1, ST, Aux, 0.0001 

   NAME=SE03b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE03b, 1, ST, Aux, 0.0001 

   NAME=SE04a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE04a, 1, ST, Aux, 0.0001 

   NAME=SE04b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE04b, 1, ST, Aux, 0.0001 

   NAME=SE05a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE05a, 1, ST, Aux, 0.0001 

   NAME=SE05b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE05b, 1, ST, Aux, 0.0001 

   NAME=SE06a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE06a, 1, ST, Aux, 0.0001 

   NAME=SE06b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE06b, 1, ST, Aux, 0.0001 

   NAME=SE07a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE07a, 1, ST, Aux, 0.0001 

   NAME=SE07b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE07b, 1, ST, Aux, 0.0001 

   NAME=SE08a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE08a, 1, ST, Aux, 0.0001 

   NAME=SE08b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE08b, 1, ST, Aux, 0.0001 

   NAME=SE09a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE09a, 1, ST, Aux, 0.0001 

   NAME=SE09b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE09b, 1, ST, Aux, 0.0001 
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   NAME=SE10a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE10a, 1, ST, Aux, 0.0001 

   NAME=SE10b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE10b, 1, ST, Aux, 0.0001 

   NAME=SE11a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE11a, 1, ST, Aux, 0.0001 

   NAME=SE11b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE11b, 1, ST, Aux, 0.0001 

   NAME=SE_ENV, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, SE01a_, 1, CBS, SE01b_, 1, CBS, SE02a_, 1, CBS, SE02b_, 1 

        CBS, SE03a_, 1, CBS, SE03b_, 1, CBS, SE04a_, 1, CBS, SE04b_, 1 

        CBS, SE05a_, 1, CBS, SE05b_, 1, CBS, SE06a_, 1, CBS, SE06b_, 1 

        CBS, SE07a_, 1, CBS, SE07b_, 1, CBS, SE08a_, 1, CBS, SE08b_, 1 

        CBS, SE09a_, 1, CBS, SE09b_, 1, CBS, SE10a_, 1, CBS, SE10b_, 1 

        CBS, SE11a_, 1, CBS, SE11b_, 1 

   NAME=STR_1, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, PL_AAHSTO, 1.75 

        CBS, TU_ENV, 1.2, CBS, TG_ENV, 0.5, CBS, SE_ENV, 1 

   NAME=STR_3, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, TU_ENV, 1.2 

        CBS, WS_ENV, 1.4, CBS, TG_ENV, 0.5, CBS, SE_ENV, 1 

   NAME=STR_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, STR_1, 1, CBS, STR_3, 1 

   NAME=EXT_1-1, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, PL_AAHSTO, 1 

        CBS, EQ_1.0X/0.3Y_ENV, 1 

   NAME=EXT_1-2, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, PL_AAHSTO, 1 

        CBS, EQ_0.3X/1.0Y_ENV, 1 

   NAME=EXT_3, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, PL_Extreme, 1 

   NAME=EXT_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EXT_1-1, 1, CBS, EXT_1-2, 1, CBS, EXT_3, 1 

   NAME=SER_1, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AAHSTO, 1, CBS, TU_ENV, 1.2 

        CBS, WS_ENV, 0.3, CBS, TG_ENV, 0.5, CBS, SE_ENV, 1 

   NAME=SER_2, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AAHSTO, 1.3, CBS, TU_ENV, 1.2 

   NAME=SER_3, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AAHSTO, 1, CBS, TU_ENV, 1.2 

        CBS, TG_ENV, 0.5, CBS, SE_ENV, 1 

   NAME=SER_4, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, TU_ENV, 1.2, CBS, WS_ENV, 0.7 

        CBS, SE_ENV, 1 

   NAME=SER_Sismo-1, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AAHSTO, 1 

        CBS, EQ_Ser_1.0X/0.3Y, 1 

   NAME=SER_Sismo-2, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AAHSTO, 1 

        CBS, EQ_Ser_0.3X/1.0Y, 1 

   NAME=SER_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, SER_1, 1, CBS, SER_2, 1, CBS, SER_3, 1, CBS, SER_4, 1 

        CBS, SER_Sismo-1, 1, CBS, SER_Sismo-2, 1 

   NAME=Permanentes, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1 

   NAME=DC, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        ST, Peso propio, 1, ST, Peso lastres, 1, ST, Pavimento estructural, 4 

   NAME=DC_0.90, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DC, 0.9 

   NAME=DC_1.00, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC, 1 

   NAME=DC_1.25, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DC, 1.25 

   NAME=DC_1.50, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DC, 1.5 

   NAME=DC_0.90/1.25, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, DC_0.90, 1, CBC, DC_1.25, 1 

   NAME=DC_0.90/1.50, CONC, INACTIVE, 0, 1, , 0, 0, 0 
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        CBC, DC_0.90, 1, CBC, DC_1.50, 1 

   NAME=DW, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        ST, Pavimento no estructural, 1.65, ST, Barandilla y luminarias, 1 

   NAME=DW_0.65, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DW, 0.65 

   NAME=DW_1.00, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DW, 1 

   NAME=DW_1.50, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DW, 1.5 

   NAME=DW_0.65/1.50, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, DW_0.65, 1, CBC, DW_1.50, 1 

   NAME=PL_max_aux, CONC, SERVICE, 0, 0, , 0, 0, 0 

        ST, PL01d_ext, 4.3, ST, PL01i_ext, 4.3, ST, PL01d_int, 4.3 

        ST, PL01i_int, 4.3, ST, PL02d_ext, 4.3, ST, PL02i_ext, 4.3 

        ST, PL02d_int, 4.3, ST, PL02i_int, 4.3, ST, PL03d_ext, 4.3 

        ST, PL03i_ext, 4.3, ST, PL03d_int, 4.3, ST, PL03i_int, 4.3 

        ST, PL04d_ext, 4.3, ST, PL04i_ext, 4.3, ST, PL04d_int, 4.3 

        ST, PL04i_int, 4.3, ST, PL05d_ext, 4.3, ST, PL05i_ext, 4.3 

        ST, PL05d_int, 4.3, ST, PL05i_int, 4.3, ST, PL06d_ext, 4.3 

        ST, PL06i_ext, 4.3, ST, PL06d_int, 4.3, ST, PL06i_int, 4.3 

        ST, PL07d_ext, 4.3, ST, PL07i_ext, 4.3, ST, PL07d_int, 4.3 

        ST, PL07i_int, 4.3, ST, PL08d_ext, 4.3, ST, PL08i_ext, 4.3 

        ST, PL08d_int, 4.3, ST, PL08i_int, 4.3, ST, PL09d_ext, 4.3 

        ST, PL09i_ext, 4.3, ST, PL09d_int, 4.3, ST, PL09i_int, 4.3 

        ST, PL10d_ext, 4.3, ST, PL10i_ext, 4.3, ST, PL10d_int, 4.3 

        ST, PL10i_int, 4.3 

   NAME=PL01d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01d_ext, 1, ST, Aux, 0.0001 

   NAME=PL01i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01i_ext, 1, ST, Aux, 0.0001 

   NAME=PL01d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01d_int, 1, ST, Aux, 0.0001 

   NAME=PL01i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01i_int, 1, ST, Aux, 0.0001 

   NAME=PL01, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, PL01d-ext_, 1, CBC, PL01i-ext_, 1, CBC, PL01d-int_, 1 

        CBC, PL01i-int_, 1 

   NAME=PL02d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02d_ext, 1, ST, Aux, 0.0001 

   NAME=PL02i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02i_ext, 1, ST, Aux, 0.0001 

   NAME=PL02d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02d_int, 1, ST, Aux, 0.0001 

   NAME=PL02i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02i_int, 1, ST, Aux, 0.0001 

   NAME=PL02, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL02d-ext_, 1, CBC, PL02i-ext_, 1, CBC, PL02d-int_, 1 

        CBC, PL02i-int_, 1 

   NAME=PL03d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03d_ext, 1, ST, Aux, 0.0001 

   NAME=PL03i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03i_ext, 1, ST, Aux, 0.0001 

   NAME=PL03d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03d_int, 1, ST, Aux, 0.0001 

   NAME=PL03i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03i_int, 1, ST, Aux, 0.0001 

   NAME=PL03, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL03d-ext_, 1, CBC, PL03i-ext_, 1, CBC, PL03d-int_, 1 

        CBC, PL03i-int_, 1 

   NAME=PL04d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04d_ext, 1, ST, Aux, 0.0001 

   NAME=PL04i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04i_ext, 1, ST, Aux, 0.0001 

   NAME=PL04d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04d_int, 1, ST, Aux, 0.0001 

   NAME=PL04i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04i_int, 1, ST, Aux, 0.0001 

   NAME=PL04, CONC, INACTIVE, 0, 0, , 0, 0, 0 
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        CBC, PL04d-ext_, 1, CBC, PL04i-ext_, 1, CBC, PL04d-int_, 1 

        CBC, PL04i-int_, 1 

   NAME=PL05d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05d_ext, 1, ST, Aux, 0.0001 

   NAME=PL05i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05i_ext, 1, ST, Aux, 0.0001 

   NAME=PL05d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05d_int, 1, ST, Aux, 0.0001 

   NAME=PL05i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05i_int, 1, ST, Aux, 0.0001 

   NAME=PL05, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL05d-ext_, 1, CBC, PL05i-ext_, 1, CBC, PL05d-int_, 1 

        CBC, PL05i-int_, 1 

   NAME=PL06d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06d_ext, 1, ST, Aux, 0.0001 

   NAME=PL06i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06i_ext, 1, ST, Aux, 0.0001 

   NAME=PL06d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06d_int, 1, ST, Aux, 0.0001 

   NAME=PL06i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06i_int, 1, ST, Aux, 0.0001 

   NAME=PL06, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL06d-ext_, 1, CBC, PL06i-ext_, 1, CBC, PL06d-int_, 1 

        CBC, PL06i-int_, 1 

   NAME=PL07d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07d_ext, 1, ST, Aux, 0.0001 

   NAME=PL07i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07i_ext, 1, ST, Aux, 0.0001 

   NAME=PL07d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07d_int, 1, ST, Aux, 0.0001 

   NAME=PL07i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07i_int, 1, ST, Aux, 0.0001 

   NAME=PL07, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL07d-ext_, 1, CBC, PL07i-ext_, 1, CBC, PL07d-int_, 1 

        CBC, PL07i-int_, 1 

   NAME=PL08d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08d_ext, 1, ST, Aux, 0.0001 

   NAME=PL08i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08i_ext, 1, ST, Aux, 0.0001 

   NAME=PL08d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08d_int, 1, ST, Aux, 0.0001 

   NAME=PL08i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08i_int, 1, ST, Aux, 0.0001 

   NAME=PL08, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL08d-ext_, 1, CBC, PL08i-ext_, 1, CBC, PL08d-int_, 1 

        CBC, PL08i-int_, 1 

   NAME=PL09d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09d_ext, 1, ST, Aux, 0.0001 

   NAME=PL09i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09i_ext, 1, ST, Aux, 0.0001 

   NAME=PL09d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09d_int, 1, ST, Aux, 0.0001 

   NAME=PL09i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09i_int, 1, ST, Aux, 0.0001 

   NAME=PL09, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL09d-ext_, 1, CBC, PL09i-ext_, 1, CBC, PL09d-int_, 1 

        CBC, PL09i-int_, 1 

   NAME=PL10d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10d_ext, 1, ST, Aux, 0.0001 

   NAME=PL10i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10i_ext, 1, ST, Aux, 0.0001 

   NAME=PL10d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10d_int, 1, ST, Aux, 0.0001 

   NAME=PL10i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10i_int, 1, ST, Aux, 0.0001 

   NAME=PL10, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL10d-ext_, 1, CBC, PL10i-ext_, 1, CBC, PL10d-int_, 1 

        CBC, PL10i-int_, 1 
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   NAME=PL_ENV, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL01, 1, CBC, PL02, 1, CBC, PL03, 1, CBC, PL04, 1, CBC, PL05, 1 

        CBC, PL06, 1, CBC, PL07, 1, CBC, PL08, 1, CBC, PL09, 1, CBC, PL10, 1 

   NAME=PL_AAHSTO, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, PL_ENV, 4.3 

   NAME=PL_Extreme, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, PL_ENV, 7.19 

   NAME=TU_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        ST, TU+, 1, ST, TU-, 1 

   NAME=TG-_CB, CONC, SERVICE, 0, 0, , 0, 0, 0 

        ST, TG+, -0.5 

   NAME=TG_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        ST, TG+, 1, CBC, TG-_CB, 1 

   NAME=EQ_1 X+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(1), 1 

   NAME=EQ_1 X-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(1), -1 

   NAME=EQ_1 Y+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(1), 1 

   NAME=EQ_1 Y-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(1), -1 

   NAME=EQ_1 X env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_1 X+, 1, CBC, EQ_1 X-, 1 

   NAME=EQ_1 Y env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_1 Y+, 1, CBC, EQ_1 Y-, 1 

   NAME=EQ_1 1.0X/0.3Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_1 X env, 1, CBC, EQ_1 Y env, 0.3 

   NAME=EQ_1 0.3X/1.0Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_1 X env, 0.3, CBC, EQ_1 Y env, 1 

   NAME=EQ_1_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_1 1.0X/0.3Y, 1, CBC, EQ_1 0.3X/1.0Y, 1 

   NAME=EQ_2 X+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(2), 1 

   NAME=EQ_2 X-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(2), -1 

   NAME=EQ_2 Y+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(2), 1 

   NAME=EQ_2 Y-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(2), -1 

   NAME=EQ_2 X env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_2 X+, 1, CBC, EQ_2 X-, 1 

   NAME=EQ_2 Y env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_2 Y+, 1, CBC, EQ_2 Y-, 1 

   NAME=EQ_2 1.0X/0.3Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_2 X env, 1, CBC, EQ_2 Y env, 0.3 

   NAME=EQ_2 0.3X/1.0Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_2 X env, 0.3, CBC, EQ_2 Y env, 1 

   NAME=EQ_2_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_2 1.0X/0.3Y, 1, CBC, EQ_2 0.3X/1.0Y, 1 

   NAME=EQ_1.0X/0.3Y_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_1 1.0X/0.3Y, 1, CBC, EQ_2 1.0X/0.3Y, 1 

   NAME=EQ_0.3X/1.0Y_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_1 0.3X/1.0Y, 1, CBC, EQ_2 0.3X/1.0Y, 1 

   NAME=EQ_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_1_ENV, 1, CBC, EQ_2_ENV, 1 

   NAME=EQ_Ser_1 X+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(1), 1 

   NAME=EQ_Ser_1 X-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(1), -1 

   NAME=EQ_Ser_1 Y+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(1), 1 

   NAME=EQ_Ser_1 Y-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(1), -1 

   NAME=EQ_Ser_1 X env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 X+, 1, CBC, EQ_Ser_1 X-, 1 

   NAME=EQ_Ser_1 Y env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 Y+, 1, CBC, EQ_Ser_1 Y-, 1 

   NAME=EQ_Ser_1 1.0X/0.3Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 
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        CBC, EQ_Ser_1 X env, 1, CBC, EQ_Ser_1 Y env, 0.3 

   NAME=EQ_Ser_1 0.3X/1.0Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_Ser_1 X env, 0.3, CBC, EQ_Ser_1 Y env, 1 

   NAME=EQ_Ser_1_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 1.0X/0.3Y, 1, CBC, EQ_Ser_1 0.3X/1.0Y, 1 

   NAME=EQ_Ser_2 X+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(2), 1 

   NAME=EQ_Ser_2 X-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(2), -1 

   NAME=EQ_Ser_2 Y+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(2), 1 

   NAME=EQ_Ser_2 Y-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(2), -1 

   NAME=EQ_Ser_2 X env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_2 X+, 1, CBC, EQ_Ser_2 X-, 1 

   NAME=EQ_Ser_2 Y env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_2 Y+, 1, CBC, EQ_Ser_2 Y-, 1 

   NAME=EQ_Ser_2 1.0X/0.3Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_Ser_2 X env, 1, CBC, EQ_Ser_2 Y env, 0.3 

   NAME=EQ_Ser_2 0.3X/1.0Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_Ser_2 X env, 0.3, CBC, EQ_Ser_2 Y env, 1 

   NAME=EQ_Ser_2_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_2 1.0X/0.3Y, 1, CBC, EQ_Ser_2 0.3X/1.0Y, 1 

   NAME=EQ_Ser_1.0X/0.3Y, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 1.0X/0.3Y, 1, CBC, EQ_Ser_2 1.0X/0.3Y, 1 

   NAME=EQ_Ser_0.3X/1.0Y, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 0.3X/1.0Y, 1, CBC, EQ_Ser_2 0.3X/1.0Y, 1 

   NAME=EQ_Ser_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1_ENV, 1, CBC, EQ_Ser_2_ENV, 1 

   NAME=WS+X_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+X, 1, ST, Aux, 0.0001 

   NAME=WS-X_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-X, 1, ST, Aux, 0.0001 

   NAME=WS+Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Y, 1, ST, Aux, 0.0001 

   NAME=WS-Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Y, 1, ST, Aux, 0.0001 

   NAME=WS+Z+Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Z+Y, 1, ST, Aux, 0.0001 

   NAME=WS-Z+Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Z+Y, 1, ST, Aux, 0.0001 

   NAME=WS+Z-Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Z-Y, 1, ST, Aux, 0.0001 

   NAME=WS-Z-Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Z-Y, 1, ST, Aux, 0.0001 

   NAME=WS+Y+Z, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, WS+Y_, 1, CBC, WS+Z+Y_, 1 

   NAME=WS+Y-Z, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, WS+Y_, 1, CBC, WS-Z+Y_, 1 

   NAME=WS-Y+Z, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, WS-Y_, 1, CBC, WS+Z-Y_, 1 

   NAME=WS-Y-Z, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, WS-Y_, 1, CBC, WS-Z-Y_, 1 

   NAME=WS_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, WS+X_, 1, CBC, WS-X_, 1, CBC, WS+Y+Z, 1, CBC, WS+Y-Z, 1 

        CBC, WS-Y+Z, 1, CBC, WS-Y-Z, 1 

   NAME=SE01a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE01a, 1, ST, Aux, 0.0001 

   NAME=SE01b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE01b, 1, ST, Aux, 0.0001 

   NAME=SE02a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE02a, 1, ST, Aux, 0.0001 

   NAME=SE02b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE02b, 1, ST, Aux, 0.0001 

   NAME=SE03a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE03a, 1, ST, Aux, 0.0001 

   NAME=SE03b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE03b, 1, ST, Aux, 0.0001 
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   NAME=SE04a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE04a, 1, ST, Aux, 0.0001 

   NAME=SE04b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE04b, 1, ST, Aux, 0.0001 

   NAME=SE05a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE05a, 1, ST, Aux, 0.0001 

   NAME=SE05b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE05b, 1, ST, Aux, 0.0001 

   NAME=SE06a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE06a, 1, ST, Aux, 0.0001 

   NAME=SE06b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE06b, 1, ST, Aux, 0.0001 

   NAME=SE07a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE07a, 1, ST, Aux, 0.0001 

   NAME=SE07b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE07b, 1, ST, Aux, 0.0001 

   NAME=SE08a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE08a, 1, ST, Aux, 0.0001 

   NAME=SE08b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE08b, 1, ST, Aux, 0.0001 

   NAME=SE09a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE09a, 1, ST, Aux, 0.0001 

   NAME=SE09b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE09b, 1, ST, Aux, 0.0001 

   NAME=SE10a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE10a, 1, ST, Aux, 0.0001 

   NAME=SE10b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE10b, 1, ST, Aux, 0.0001 

   NAME=SE11a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE11a, 1, ST, Aux, 0.0001 

   NAME=SE11b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE11b, 1, ST, Aux, 0.0001 

   NAME=SE_ENV, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, SE01a_, 1, CBC, SE01b_, 1, CBC, SE02a_, 1, CBC, SE02b_, 1 

        CBC, SE03a_, 1, CBC, SE03b_, 1, CBC, SE04a_, 1, CBC, SE04b_, 1 

        CBC, SE05a_, 1, CBC, SE05b_, 1, CBC, SE06a_, 1, CBC, SE06b_, 1 

        CBC, SE07a_, 1, CBC, SE07b_, 1, CBC, SE08a_, 1, CBC, SE08b_, 1 

        CBC, SE09a_, 1, CBC, SE09b_, 1, CBC, SE10a_, 1, CBC, SE10b_, 1 

        CBC, SE11a_, 1, CBC, SE11b_, 1 

   NAME=STR_1, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, PL_AAHSTO, 1.75 

        CBC, TU_ENV, 1.2, CBC, TG_ENV, 0.5, CBC, SE_ENV, 1 

   NAME=STR_3, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, TU_ENV, 1.2 

        CBC, WS_ENV, 1.4, CBC, TG_ENV, 0.5, CBC, SE_ENV, 1 

   NAME=STR_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, STR_1, 1, CBC, STR_3, 1 

   NAME=EXT_1-1, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, PL_AAHSTO, 1 

        CBC, EQ_1.0X/0.3Y_ENV, 1 

   NAME=EXT_1-2, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, PL_AAHSTO, 1 

        CBC, EQ_0.3X/1.0Y_ENV, 1 

   NAME=EXT_3, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, PL_Extreme, 1 

   NAME=EXT_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EXT_1-1, 1, CBC, EXT_1-2, 1, CBC, EXT_3, 1 

   NAME=SER_1, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1, CBC, TU_ENV, 1.2 

        CBC, WS_ENV, 0.3, CBC, TG_ENV, 0.5, CBC, SE_ENV, 1 

   NAME=SER_2, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1.3, CBC, TU_ENV, 1.2 

   NAME=SER_3, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1, CBC, TU_ENV, 1.2 

        CBC, TG_ENV, 0.5, CBC, SE_ENV, 1 

   NAME=SER_4, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, TU_ENV, 1.2, CBC, WS_ENV, 0.7 

        CBC, SE_ENV, 1 
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   NAME=SER_Sismo-1, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1 

        CBC, EQ_Ser_1.0X/0.3Y, 1 

   NAME=SER_Sismo-2, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1 

        CBC, EQ_Ser_0.3X/1.0Y, 1 

   NAME=SER_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, SER_1, 1, CBC, SER_2, 1, CBC, SER_3, 1, CBC, SER_4, 1 

        CBC, SER_Sismo-1, 1, CBC, SER_Sismo-2, 1 

   NAME=Permanentes, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1 

 

*LC-COLOR    ; Diagram Color for Load Case 

; ANAL, LCNAME, iR1(ALL), iG1(ALL), iB1(ALL), iR2(MIN), iG2(MIN), iB2(MIN), iR3(MAX), iG2(MAX), iB2(MAX) 

 ST, Peso propio, 0, 157, 192, 210, 210, 210, 255, 0, 192 

 ST, Barandilla y luminarias, 255, 255, 255, 212, 160, 255, 255, 87, 128 

 ST, Pavimento estructural, 210, 210, 210, 0, 192, 128, 148, 87, 255 

 ST, Pavimento no estructural, 160, 255, 255, 255, 255, 87, 192, 128, 0 

 ST, PL01i_ext, 163, 160, 255, 85, 192, 0, 255, 128, 0 

 ST, PL02d_ext, 255, 255, 255, 192, 192, 192, 78, 0, 255 

 ST, PL02i_ext, 0, 192, 192, 210, 210, 210, 0, 192, 192 

 ST, PL03i_ext, 0, 192, 192, 255, 255, 87, 0, 192, 192 

 ST, PL04i_ext, 93, 255, 87, 0, 192, 128, 212, 160, 255 

 ST, PL05i_ext, 78, 0, 255, 146, 0, 255, 0, 128, 128 

 ST, PL06i_ext, 192, 0, 128, 0, 157, 192, 210, 210, 210 

 ST, PL07d_ext, 0, 128, 57, 192, 0, 128, 255, 255, 87 

 ST, PL07i_ext, 255, 0, 128, 0, 192, 128, 160, 192, 255 

 ST, PL08d_ext, 192, 0, 128, 255, 128, 0, 148, 87, 255 

 ST, PL08i_ext, 163, 255, 160, 160, 255, 255, 255, 192, 160 

 ST, PL09d_ext, 255, 255, 87, 255, 255, 87, 210, 210, 210 

 ST, PL09i_ext, 255, 87, 128, 160, 255, 255, 78, 0, 255 

 ST, PL03d_ext, 85, 192, 0, 146, 0, 255, 0, 128, 128 

 ST, PL04d_ext, 192, 192, 0, 146, 0, 255, 0, 128, 128 

 ST, PL05d_ext, 192, 128, 0, 212, 160, 255, 0, 192, 192 

 RS, Sismo_X(1), 192, 192, 192, 255, 87, 128, 0, 128, 128 

 RS, Sismo_Y(1), 163, 160, 255, 192, 192, 192, 93, 255, 87 

 ST, PL06d_ext, 0, 128, 57, 0, 192, 128, 192, 192, 0 

 ST, PL10d_ext, 255, 87, 87, 0, 128, 128, 78, 0, 255 

 ST, PL10i_ext, 128, 192, 0, 255, 128, 0, 210, 210, 210 

 ST, PL10d_int, 85, 0, 192, 255, 0, 192, 0, 192, 128 

 ST, PL10i_int, 255, 255, 255, 192, 192, 0, 192, 0, 192 

 ST, PL01d_int, 255, 160, 255, 255, 160, 255, 192, 0, 192 

 ST, PL01i_int, 85, 192, 0, 255, 0, 192, 0, 128, 255 

 ST, PL02d_int, 255, 160, 255, 255, 192, 87, 146, 0, 255 

 ST, WS+X, 210, 210, 210, 192, 72, 0, 255, 160, 255 

 ST, WS-X, 192, 192, 0, 85, 0, 192, 255, 255, 87 

 ST, WS+Y, 160, 255, 255, 255, 128, 0, 255, 87, 87 

 ST, WS-Y, 0, 128, 255, 0, 128, 192, 85, 0, 192 

 CBS, WS+X_, 255, 192, 160, 163, 255, 160, 212, 160, 255 

 CBS, PL01d-ext_, 85, 0, 192, 192, 192, 192, 212, 160, 255 

 CBS, PL01i-ext_, 255, 87, 128, 0, 128, 255, 146, 0, 255 

 CBS, PL01, 0, 128, 192, 255, 160, 255, 85, 192, 0 

 CBC, DC, 0, 157, 192, 163, 255, 160, 163, 255, 160 

 CBS, PL02d-ext_, 255, 255, 255, 163, 160, 255, 78, 0, 255 

 CBS, PL02i-ext_, 0, 128, 57, 0, 128, 128, 0, 192, 128 

 CBS, PL02, 0, 128, 128, 146, 0, 255, 93, 255, 87 

 CBC, DC_0.90, 192, 192, 192, 85, 0, 192, 0, 157, 192 

 CBS, WS-X_, 93, 255, 87, 148, 87, 255, 128, 192, 0 

 CBS, WS+Y_, 255, 128, 0, 255, 0, 192, 160, 255, 255 

 CBS, WS-Y_, 255, 192, 87, 192, 0, 128, 192, 0, 192 

 ST, WS+Z+Y, 255, 192, 160, 192, 72, 0, 192, 192, 0 

 ST, WS-Z+Y, 85, 192, 0, 192, 192, 0, 192, 0, 192 

 ST, WS+Z-Y, 163, 160, 255, 160, 192, 255, 0, 192, 192 

 ST, WS-Z-Y, 255, 0, 128, 0, 192, 192, 255, 0, 128 

 CBS, PL03d-ext_, 128, 192, 0, 146, 0, 255, 212, 160, 255 

 CBS, PL03i-ext_, 255, 255, 87, 85, 0, 192, 255, 128, 0 

 CBS, PL03, 192, 192, 192, 146, 0, 255, 255, 192, 160 

 CBC, DC_1.00, 255, 87, 87, 255, 87, 87, 255, 192, 87 
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 CBS, PL04d-ext_, 0, 157, 192, 0, 157, 192, 0, 128, 192 

 CBS, PL04i-ext_, 85, 192, 0, 148, 87, 255, 78, 0, 255 

 CBS, PL05d-ext_, 255, 87, 87, 163, 255, 160, 0, 128, 128 

 CBS, PL05i-ext_, 163, 255, 160, 255, 160, 255, 85, 0, 192 

 CBS, PL06d-ext_, 192, 0, 128, 163, 255, 160, 210, 210, 210 

 CBS, PL06i-ext_, 255, 0, 192, 78, 0, 255, 85, 0, 192 

 CBS, PL05, 160, 192, 255, 163, 255, 160, 212, 160, 255 

 CBC, DC_1.25, 255, 128, 0, 255, 87, 128, 255, 255, 255 

 CBS, PL07d-ext_, 0, 128, 255, 85, 192, 0, 85, 192, 0 

 CBS, PL07i-ext_, 0, 128, 255, 192, 72, 0, 192, 128, 0 

 CBS, PL07, 255, 0, 192, 192, 0, 192, 0, 157, 192 

 CBC, DC_1.50, 255, 192, 160, 85, 192, 0, 192, 0, 192 

 CBS, PL08d-ext_, 163, 160, 255, 255, 160, 255, 255, 255, 255 

 CBS, PL08i-ext_, 192, 192, 192, 255, 160, 255, 255, 255, 87 

 ST, Pretensado, 78, 0, 255, 78, 0, 255, 255, 87, 128 

 ST, PL01d_ext, 146, 0, 255, 255, 160, 255, 255, 87, 128 

 ST, TU+, 192, 128, 0, 160, 192, 255, 255, 0, 192 

 ST, TU-, 255, 192, 160, 212, 160, 255, 192, 192, 0 

 CBC, DC_0.90/1.25, 128, 192, 0, 192, 0, 192, 0, 192, 192 

 ST, Aux, 255, 255, 255, 255, 0, 128, 85, 192, 0 

 CBC, DC_0.90/1.50, 0, 128, 57, 0, 128, 255, 255, 0, 192 

 CBC, DW, 146, 0, 255, 255, 0, 128, 160, 192, 255 

 CBC, DW_0.65, 255, 255, 87, 255, 87, 87, 192, 128, 0 

 CBC, DW_1.00, 0, 192, 192, 192, 0, 128, 192, 128, 0 

 CBC, DW_1.50, 255, 255, 255, 212, 160, 255, 0, 128, 57 

 CBC, DW_0.65/1.50, 255, 87, 128, 146, 0, 255, 128, 192, 0 

 CBC, PL_max_aux, 93, 255, 87, 210, 210, 210, 255, 160, 255 

 CBC, PL01d-ext_, 160, 192, 255, 0, 192, 192, 160, 192, 255 

 CBC, PL01i-ext_, 0, 128, 255, 255, 87, 87, 192, 0, 192 

 CBC, PL01d-int_, 255, 192, 87, 160, 255, 255, 85, 192, 0 

 CBC, PL01i-int_, 255, 0, 128, 85, 192, 0, 146, 0, 255 

 CBC, PL01, 0, 157, 192, 255, 255, 255, 128, 192, 0 

 CBC, PL02d-ext_, 93, 255, 87, 163, 160, 255, 0, 192, 128 

 CBC, PL02i-ext_, 0, 157, 192, 210, 210, 210, 148, 87, 255 

 CBC, PL02d-int_, 255, 87, 128, 93, 255, 87, 210, 210, 210 

 CBC, PL02i-int_, 255, 128, 0, 160, 255, 255, 255, 255, 255 

 CBC, PL02, 255, 192, 160, 192, 72, 0, 148, 87, 255 

 CBS, PL08, 192, 192, 192, 128, 192, 0, 85, 0, 192 

 CBC, PL03d-ext_, 192, 0, 128, 255, 0, 128, 255, 128, 0 

 CBC, PL03i-ext_, 192, 0, 128, 148, 87, 255, 0, 128, 255 

 CBC, PL03d-int_, 0, 128, 255, 0, 128, 255, 192, 128, 0 

 CBC, PL03i-int_, 163, 160, 255, 163, 255, 160, 163, 255, 160 

 CBC, PL03, 255, 87, 87, 255, 0, 128, 255, 160, 255 

 CBC, PL04d-ext_, 192, 192, 0, 0, 192, 128, 255, 255, 255 

 CBC, PL04i-ext_, 0, 128, 255, 0, 128, 255, 0, 128, 255 

 CBC, PL04d-int_, 192, 192, 192, 255, 255, 255, 0, 128, 192 

 CBC, PL04i-int_, 0, 192, 128, 255, 0, 128, 148, 87, 255 

 CBC, PL04, 192, 0, 128, 160, 255, 255, 0, 157, 192 

 CBC, PL05d-ext_, 0, 128, 128, 212, 160, 255, 210, 210, 210 

 CBC, PL05i-ext_, 255, 160, 255, 93, 255, 87, 78, 0, 255 

 CBC, PL05d-int_, 255, 160, 255, 0, 157, 192, 78, 0, 255 

 CBC, PL05i-int_, 78, 0, 255, 85, 0, 192, 255, 0, 128 

 CBC, PL05, 85, 0, 192, 255, 192, 160, 0, 128, 128 

 CBC, PL06d-ext_, 163, 255, 160, 0, 128, 192, 128, 192, 0 

 CBC, PL06i-ext_, 192, 0, 128, 163, 160, 255, 192, 0, 128 

 CBC, PL06d-int_, 163, 255, 160, 255, 0, 128, 255, 128, 0 

 CBC, PL06i-int_, 255, 0, 192, 0, 128, 128, 78, 0, 255 

 CBC, PL06, 0, 192, 128, 163, 255, 160, 163, 255, 160 

 CBC, PL07d-ext_, 255, 255, 255, 255, 255, 255, 192, 0, 128 

 CBC, PL07i-ext_, 255, 0, 192, 192, 192, 0, 192, 192, 192 

 CBC, PL07d-int_, 192, 192, 0, 0, 128, 255, 148, 87, 255 

 CBC, PL07i-int_, 163, 255, 160, 255, 128, 0, 0, 192, 192 

 CBC, PL07, 85, 192, 0, 255, 128, 0, 0, 128, 192 

 CBC, PL08d-ext_, 255, 128, 0, 255, 0, 128, 78, 0, 255 

 CBC, PL08i-ext_, 148, 87, 255, 0, 192, 192, 163, 160, 255 

 CBC, PL08d-int_, 210, 210, 210, 192, 128, 0, 93, 255, 87 

 CBC, PL08i-int_, 255, 87, 87, 255, 0, 192, 212, 160, 255 

 CBC, PL08, 192, 72, 0, 85, 0, 192, 0, 157, 192 
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 CBC, PL09d-ext_, 160, 192, 255, 160, 192, 255, 210, 210, 210 

 CBC, PL09i-ext_, 78, 0, 255, 192, 0, 128, 255, 192, 160 

 CBC, PL09d-int_, 0, 128, 255, 0, 128, 192, 255, 128, 0 

 CBC, PL09i-int_, 160, 255, 255, 255, 192, 87, 255, 192, 87 

 CBC, PL09, 0, 128, 57, 212, 160, 255, 78, 0, 255 

 CBC, PL10d-ext_, 0, 128, 192, 255, 87, 128, 192, 0, 192 

 CBC, PL10i-ext_, 255, 87, 87, 255, 87, 128, 192, 0, 128 

 CBC, PL10d-int_, 85, 0, 192, 160, 192, 255, 192, 0, 128 

 CBC, PL10i-int_, 78, 0, 255, 163, 255, 160, 255, 255, 255 

 CBC, PL10, 210, 210, 210, 192, 128, 0, 160, 255, 255 

 CBC, PL_ENV, 78, 0, 255, 192, 192, 192, 192, 192, 192 

 CBC, PL_AAHSTO, 192, 192, 0, 255, 0, 192, 255, 255, 87 

 CBC, PL_Extreme, 212, 160, 255, 212, 160, 255, 148, 87, 255 

 CBC, TU_ENV, 255, 87, 87, 0, 128, 128, 85, 192, 0 

 CBC, TG-_CB, 192, 192, 0, 85, 192, 0, 192, 192, 192 

 CBC, TG_ENV, 192, 192, 192, 160, 255, 255, 255, 255, 87 

 CBC, EQ_1 X+, 192, 0, 192, 255, 255, 255, 128, 192, 0 

 CBC, EQ_1 X-, 148, 87, 255, 0, 128, 255, 255, 255, 255 

 CBC, EQ_1 Y+, 0, 192, 128, 192, 0, 192, 85, 0, 192 

 CBC, EQ_1 Y-, 128, 192, 0, 128, 192, 0, 163, 160, 255 

 CBC, EQ_1 X env, 0, 128, 255, 192, 128, 0, 0, 128, 128 

 CBC, EQ_1 Y env, 160, 255, 255, 255, 0, 128, 146, 0, 255 

 CBC, EQ_1 1.0X/0.3Y, 148, 87, 255, 192, 128, 0, 255, 128, 0 

 CBC, EQ_1 0.3X/1.0Y, 255, 87, 128, 148, 87, 255, 0, 128, 57 

 CBS, WS+Z+Y_, 255, 128, 0, 148, 87, 255, 0, 157, 192 

 CBS, WS-Z+Y_, 192, 192, 192, 192, 72, 0, 255, 0, 192 

 CBS, WS+Z-Y_, 85, 192, 0, 212, 160, 255, 0, 192, 128 

 CBS, WS-Z-Y_, 163, 255, 160, 192, 0, 128, 255, 128, 0 

 CBS, WS+Y+Z, 93, 255, 87, 0, 128, 57, 192, 192, 192 

 CBS, WS+Y-Z, 192, 0, 128, 78, 0, 255, 192, 0, 128 

 CBS, WS-Y+Z, 146, 0, 255, 148, 87, 255, 192, 0, 192 

 CBS, WS-Y-Z, 78, 0, 255, 93, 255, 87, 192, 128, 0 

 CBS, WS_ENV, 192, 192, 0, 148, 87, 255, 255, 87, 87 

 CBC, EQ_1_ENV, 93, 255, 87, 93, 255, 87, 255, 0, 192 

 CBS, PL09d-ext_, 163, 255, 160, 255, 128, 0, 192, 0, 128 

 CBC, EQ_2 X+, 78, 0, 255, 255, 192, 160, 0, 192, 192 

 CBS, PL09i-ext_, 160, 255, 255, 0, 192, 192, 255, 87, 128 

 CBS, PL09, 212, 160, 255, 0, 128, 255, 0, 128, 57 

 CBC, EQ_2 X-, 160, 255, 255, 255, 192, 160, 192, 0, 192 

 CBS, PL_ENV, 160, 192, 255, 212, 160, 255, 192, 192, 192 

 CBC, EQ_2 Y+, 192, 72, 0, 0, 157, 192, 192, 0, 192 

 CBS, EQ_1 X+, 255, 255, 87, 148, 87, 255, 148, 87, 255 

 CBS, EQ_1 X-, 255, 160, 255, 255, 87, 128, 0, 192, 192 

 CBS, EQ_1 Y+, 192, 72, 0, 163, 160, 255, 85, 0, 192 

 CBS, EQ_1 Y-, 78, 0, 255, 163, 160, 255, 192, 72, 0 

 CBS, EQ_1 X env, 192, 72, 0, 255, 255, 87, 0, 128, 128 

 CBS, EQ_1 Y env, 255, 255, 255, 192, 0, 192, 192, 72, 0 

 CBS, EQ_1 1.0X/0.3Y, 85, 0, 192, 255, 87, 128, 255, 192, 160 

 CBS, EQ_1 0.3X/1.0Y, 255, 160, 255, 85, 192, 0, 85, 192, 0 

 CBS, EQ_1_ENV, 210, 210, 210, 192, 0, 192, 163, 160, 255 

 CBS, STR_1, 160, 192, 255, 192, 192, 0, 255, 255, 87 

 CBS, EXT_1-1, 210, 210, 210, 146, 0, 255, 255, 0, 128 

 CBS, TU_ENV, 192, 0, 128, 160, 255, 255, 255, 0, 192 

 CBS, SER_1, 160, 255, 255, 255, 128, 0, 192, 128, 0 

 RS, Sismo_X(2), 192, 128, 0, 0, 128, 255, 0, 128, 57 

 RS, Sismo_Y(2), 192, 0, 128, 255, 128, 0, 0, 128, 255 

 CBS, EQ_2 X+, 255, 192, 160, 0, 157, 192, 0, 157, 192 

 CBS, EQ_2 X-, 85, 192, 0, 0, 128, 192, 255, 128, 0 

 CBS, EQ_2 Y+, 255, 255, 255, 255, 87, 128, 0, 128, 192 

 CBS, EQ_2 Y-, 192, 0, 192, 160, 255, 255, 160, 255, 255 

 CBS, EQ_2 X env, 192, 128, 0, 192, 192, 0, 0, 157, 192 

 CBS, EQ_2 Y env, 78, 0, 255, 255, 87, 128, 212, 160, 255 

 CBS, EQ_2 1.0X/0.3Y, 0, 157, 192, 255, 160, 255, 192, 192, 192 

 CBS, EQ_2 0.3X/1.0Y, 255, 87, 87, 163, 255, 160, 255, 87, 87 

 CBS, EQ_2_ENV, 192, 0, 192, 255, 160, 255, 255, 128, 0 

 CBS, EQ_ENV, 0, 128, 255, 163, 255, 160, 192, 72, 0 

 CBS, PL10d-ext_, 0, 128, 57, 192, 0, 192, 0, 128, 57 

 CBS, PL10i-ext_, 85, 0, 192, 192, 192, 0, 255, 87, 87 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 227 DE 708 

 

 

 CBS, PL10, 0, 128, 192, 255, 255, 87, 255, 192, 87 

 CBC, EQ_2 Y-, 160, 255, 255, 255, 255, 87, 192, 0, 192 

 CBC, EQ_2 X env, 85, 192, 0, 255, 0, 128, 255, 128, 0 

 CBS, PL04, 85, 192, 0, 0, 128, 192, 0, 128, 192 

 CBC, EQ_2 Y env, 255, 87, 128, 128, 192, 0, 255, 0, 192 

 CBS, PL06, 0, 128, 192, 255, 192, 87, 0, 128, 57 

 CBS, DW, 160, 255, 255, 128, 192, 0, 0, 128, 192 

 CBS, EQ_1.0X/0.3Y_ENV, 255, 87, 128, 212, 160, 255, 0, 128, 128 

 CBS, PL_Extreme, 85, 192, 0, 192, 0, 128, 212, 160, 255 

 CBS, PL_AAHSTO, 93, 255, 87, 163, 255, 160, 0, 192, 128 

 CBS, Permanentes, 255, 0, 128, 255, 192, 160, 78, 0, 255 

 ST, PL02i_int, 192, 0, 128, 255, 255, 255, 255, 255, 255 

 ST, PL03d_int, 78, 0, 255, 255, 87, 128, 0, 192, 128 

 ST, PL03i_int, 255, 0, 192, 212, 160, 255, 160, 255, 255 

 ST, PL04d_int, 255, 255, 87, 255, 0, 192, 192, 128, 0 

 ST, PL04i_int, 160, 192, 255, 212, 160, 255, 192, 0, 128 

 ST, PL05d_int, 85, 0, 192, 255, 192, 160, 192, 72, 0 

 ST, PL05i_int, 255, 87, 87, 255, 0, 128, 160, 255, 255 

 ST, PL06d_int, 0, 192, 128, 93, 255, 87, 255, 0, 128 

 ST, PL06i_int, 0, 128, 57, 0, 128, 128, 255, 87, 128 

 ST, PL07d_int, 255, 192, 87, 255, 192, 87, 255, 87, 128 

 ST, PL07i_int, 192, 128, 0, 163, 255, 160, 0, 192, 128 

 ST, PL08d_int, 163, 160, 255, 255, 255, 255, 0, 128, 255 

 ST, PL08i_int, 255, 192, 87, 255, 160, 255, 146, 0, 255 

 ST, PL09d_int, 192, 72, 0, 85, 0, 192, 0, 128, 255 

 ST, PL09i_int, 210, 210, 210, 192, 0, 128, 148, 87, 255 

 CBS, PL01d-int_, 192, 0, 128, 0, 128, 128, 148, 87, 255 

 CBS, PL01i-int_, 163, 160, 255, 255, 0, 128, 192, 0, 192 

 CBS, PL02d-int_, 192, 192, 192, 146, 0, 255, 160, 192, 255 

 CBS, PL02i-int_, 192, 0, 192, 0, 128, 128, 128, 192, 0 

 CBS, PL03d-int_, 255, 0, 128, 192, 72, 0, 146, 0, 255 

 CBS, PL03i-int_, 255, 87, 128, 255, 192, 160, 192, 192, 0 

 CBS, PL04d-int_, 163, 255, 160, 192, 192, 0, 163, 160, 255 

 CBS, PL04i-int_, 212, 160, 255, 160, 192, 255, 85, 0, 192 

 CBS, PL05d-int_, 192, 0, 128, 192, 128, 0, 148, 87, 255 

 CBS, PL05i-int_, 163, 160, 255, 192, 128, 0, 93, 255, 87 

 CBS, PL06d-int_, 255, 87, 87, 255, 255, 255, 163, 255, 160 

 CBS, PL06i-int_, 210, 210, 210, 85, 192, 0, 0, 128, 255 

 CBS, PL07d-int_, 255, 0, 128, 78, 0, 255, 255, 87, 128 

 CBS, PL07i-int_, 255, 87, 128, 255, 192, 160, 78, 0, 255 

 CBS, PL08d-int_, 192, 0, 128, 0, 128, 57, 255, 87, 87 

 CBS, PL08i-int_, 255, 255, 87, 255, 192, 87, 212, 160, 255 

 CBS, PL09d-int_, 192, 192, 192, 163, 255, 160, 192, 128, 0 

 CBS, PL09i-int_, 255, 255, 255, 0, 128, 128, 128, 192, 0 

 CBS, PL10d-int_, 146, 0, 255, 255, 255, 87, 192, 192, 192 

 CBS, PL10i-int_, 255, 0, 192, 192, 192, 192, 163, 160, 255 

 CBS, DC_0.90, 93, 255, 87, 78, 0, 255, 160, 255, 255 

 CBS, DC_1.00, 192, 192, 0, 255, 160, 255, 148, 87, 255 

 CBS, DC_1.25, 148, 87, 255, 255, 128, 0, 85, 192, 0 

 CBS, DC_1.50, 192, 72, 0, 0, 128, 255, 192, 72, 0 

 CBS, DW_0.65, 0, 128, 128, 0, 128, 57, 85, 0, 192 

 CBS, DW_1.00, 255, 160, 255, 255, 87, 87, 192, 192, 0 

 CBS, DW_1.50, 160, 192, 255, 255, 160, 255, 78, 0, 255 

 CBS, DC_0.90/1.25, 0, 128, 255, 128, 192, 0, 0, 128, 128 

 CBS, DC_0.90/1.50, 255, 128, 0, 160, 192, 255, 210, 210, 210 

 CBS, DW_0.65/1.50, 210, 210, 210, 255, 128, 0, 255, 192, 87 

 CBS, STR_ENV, 192, 192, 192, 192, 72, 0, 85, 192, 0 

 CBS, STR_3, 148, 87, 255, 255, 255, 255, 255, 255, 255 

 CBS, EXT_ENV, 255, 160, 255, 192, 192, 192, 85, 192, 0 

 CBS, SER_ENV, 212, 160, 255, 78, 0, 255, 255, 192, 160 

 CBS, SER_2, 255, 192, 87, 85, 0, 192, 192, 0, 128 

 CBS, SER_3, 212, 160, 255, 0, 192, 128, 255, 0, 192 

 CBS, SER_4, 0, 192, 128, 255, 87, 87, 255, 192, 87 

 ST, TG+, 78, 0, 255, 192, 192, 192, 0, 128, 128 

 CBS, EQ_0.3X/1.0Y_ENV, 146, 0, 255, 255, 192, 87, 255, 192, 160 

 CBS, EXT_1-2, 163, 255, 160, 128, 192, 0, 192, 192, 192 

 ST, TG-, 85, 0, 192, 192, 128, 0, 146, 0, 255 

 CBS, TG_ENV, 192, 0, 128, 212, 160, 255, 255, 192, 87 
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 CBS, EXT_3, 255, 87, 128, 163, 160, 255, 192, 0, 192 

 CBS, TG-_CB, 255, 87, 128, 160, 255, 255, 146, 0, 255 

 CBS, PL_max_aux, 0, 192, 192, 255, 0, 128, 255, 87, 128 

 ST, Peso lastres, 160, 255, 255, 255, 192, 160, 255, 87, 87 

 CBS, SER_Sismo-1, 255, 255, 255, 212, 160, 255, 255, 87, 87 

 RS, Sismo_X_Ser(1), 0, 192, 128, 255, 0, 192, 78, 0, 255 

 RS, Sismo_Y_Ser(1), 192, 0, 128, 192, 192, 0, 85, 192, 0 

 RS, Sismo_X_Ser(2), 255, 255, 255, 0, 128, 192, 212, 160, 255 

 RS, Sismo_Y_Ser(2), 78, 0, 255, 255, 0, 192, 0, 128, 255 

 CBS, EQ_Ser_1 X+, 0, 192, 192, 160, 255, 255, 163, 255, 160 

 CBS, EQ_Ser_1 X-, 255, 255, 87, 212, 160, 255, 0, 128, 57 

 CBS, EQ_Ser_1 Y+, 212, 160, 255, 212, 160, 255, 192, 192, 0 

 CBS, EQ_Ser_1 Y-, 0, 192, 128, 128, 192, 0, 255, 255, 255 

 CBS, EQ_Ser_1 X env, 192, 0, 128, 255, 192, 160, 192, 0, 128 

 CBS, EQ_Ser_1 Y env, 255, 128, 0, 210, 210, 210, 0, 192, 192 

 CBS, EQ_Ser_1 1.0X/0.3Y, 192, 128, 0, 255, 255, 87, 160, 192, 255 

 CBS, EQ_Ser_1 0.3X/1.0Y, 255, 160, 255, 148, 87, 255, 78, 0, 255 

 CBS, EQ_Ser_1_ENV, 255, 128, 0, 255, 128, 0, 0, 192, 192 

 CBS, EQ_Ser_2 X+, 163, 160, 255, 192, 128, 0, 85, 192, 0 

 CBS, EQ_Ser_2 X-, 255, 0, 192, 255, 0, 192, 255, 192, 160 

 CBS, EQ_Ser_2 Y+, 255, 87, 87, 255, 192, 87, 255, 128, 0 

 CBS, EQ_Ser_2 Y-, 78, 0, 255, 0, 157, 192, 255, 87, 128 

 CBS, EQ_Ser_2 X env, 210, 210, 210, 255, 160, 255, 255, 87, 128 

 CBS, EQ_Ser_2 Y env, 163, 255, 160, 192, 0, 128, 148, 87, 255 

 CBS, EQ_Ser_2 1.0X/0.3Y, 192, 72, 0, 128, 192, 0, 255, 128, 0 

 CBS, EQ_Ser_2 0.3X/1.0Y, 255, 0, 192, 192, 192, 0, 128, 192, 0 

 CBS, EQ_Ser_2_ENV, 255, 192, 160, 192, 192, 0, 192, 72, 0 

 CBS, EQ_Ser_1.0X/0.3Y, 0, 192, 128, 255, 87, 128, 148, 87, 255 

 CBS, EQ_Ser_0.3X/1.0Y, 192, 192, 192, 78, 0, 255, 0, 157, 192 

 CBS, EQ_Ser_ENV, 255, 255, 87, 0, 128, 192, 212, 160, 255 

 CBS, SER_Sismo-2, 160, 255, 255, 160, 255, 255, 0, 128, 255 

 CBS, DC, 128, 192, 0, 210, 210, 210, 160, 255, 255 

 ST, SE01a, 255, 160, 255, 163, 255, 160, 255, 87, 128 

 ST, SE01b, 255, 255, 255, 146, 0, 255, 255, 0, 192 

 ST, SE02a, 0, 128, 128, 255, 0, 128, 255, 128, 0 

 ST, SE02b, 210, 210, 210, 192, 192, 0, 85, 192, 0 

 ST, SE03a, 255, 0, 192, 93, 255, 87, 192, 0, 128 

 ST, SE03b, 192, 192, 0, 192, 0, 128, 255, 0, 128 

 ST, SE04a, 255, 128, 0, 160, 192, 255, 255, 0, 192 

 ST, SE04b, 212, 160, 255, 0, 128, 128, 210, 210, 210 

 ST, SE05a, 163, 255, 160, 210, 210, 210, 255, 160, 255 

 ST, SE05b, 78, 0, 255, 163, 255, 160, 255, 87, 128 

 ST, SE06a, 255, 192, 160, 192, 192, 192, 192, 0, 128 

 ST, SE06b, 146, 0, 255, 160, 192, 255, 163, 255, 160 

 ST, SE07a, 255, 87, 128, 0, 157, 192, 255, 192, 87 

 ST, SE07b, 192, 0, 192, 192, 192, 192, 255, 192, 160 

 ST, SE08a, 192, 0, 128, 85, 0, 192, 160, 192, 255 

 ST, SE08b, 255, 192, 87, 93, 255, 87, 0, 128, 57 

 ST, SE09a, 85, 192, 0, 0, 192, 192, 192, 0, 192 

 ST, SE09b, 210, 210, 210, 255, 160, 255, 0, 157, 192 

 ST, SE10a, 0, 192, 128, 0, 192, 192, 255, 255, 87 

 ST, SE10b, 160, 255, 255, 148, 87, 255, 146, 0, 255 

 ST, SE11a, 85, 192, 0, 160, 192, 255, 255, 87, 87 

 ST, SE11b, 210, 210, 210, 192, 72, 0, 255, 128, 0 

 CBS, SE01a_, 192, 192, 0, 212, 160, 255, 255, 87, 87 

 CBS, SE01b_, 255, 87, 128, 146, 0, 255, 85, 192, 0 

 CBS, SE02a_, 192, 72, 0, 192, 192, 192, 255, 128, 0 

 CBS, SE03b_, 192, 192, 0, 255, 87, 87, 255, 87, 87 

 CBS, SE04a_, 163, 160, 255, 0, 128, 128, 160, 192, 255 

 CBS, SE04b_, 255, 87, 87, 128, 192, 0, 255, 192, 160 

 CBS, SE05a_, 148, 87, 255, 255, 87, 87, 255, 192, 87 

 CBS, SE05b_, 160, 192, 255, 192, 0, 192, 0, 192, 128 

 CBS, SE06a_, 85, 0, 192, 163, 255, 160, 255, 160, 255 

 CBS, SE06b_, 0, 192, 192, 146, 0, 255, 85, 0, 192 

 CBS, SE07a_, 0, 128, 255, 255, 87, 128, 192, 128, 0 

 CBS, SE07b_, 255, 87, 87, 192, 0, 192, 255, 87, 128 

 CBS, SE08a_, 0, 192, 192, 0, 128, 128, 192, 192, 0 

 CBS, SE08b_, 212, 160, 255, 160, 192, 255, 255, 255, 255 
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 CBS, SE09a_, 255, 255, 255, 0, 192, 128, 255, 0, 128 

 CBS, SE09b_, 128, 192, 0, 255, 128, 0, 255, 87, 128 

 CBS, SE10a_, 0, 192, 128, 0, 192, 128, 255, 0, 192 

 CBS, SE10b_, 255, 192, 87, 0, 157, 192, 85, 0, 192 

 CBS, SE11a_, 255, 160, 255, 192, 192, 192, 255, 160, 255 

 CBS, SE11b_, 0, 192, 192, 0, 157, 192, 163, 160, 255 

 CBS, SE02b_, 0, 192, 192, 128, 192, 0, 0, 128, 57 

 CBS, SE03a_, 210, 210, 210, 0, 192, 128, 0, 128, 192 

 CBS, SE_ENV, 0, 128, 57, 192, 128, 0, 192, 192, 0 

 CBC, EQ_2 1.0X/0.3Y, 255, 0, 128, 192, 0, 192, 192, 128, 0 

 CBC, EQ_2 0.3X/1.0Y, 0, 128, 128, 192, 0, 128, 163, 255, 160 

 CBC, EQ_2_ENV, 128, 192, 0, 192, 0, 128, 148, 87, 255 

 CBC, EQ_1.0X/0.3Y_ENV, 0, 128, 57, 255, 160, 255, 93, 255, 87 

 CBC, EQ_0.3X/1.0Y_ENV, 0, 128, 57, 78, 0, 255, 160, 192, 255 

 CBC, EQ_ENV, 192, 192, 192, 128, 192, 0, 192, 72, 0 

 CBC, EQ_Ser_1 X+, 0, 128, 192, 0, 128, 128, 0, 128, 192 

 CBC, EQ_Ser_1 X-, 192, 0, 192, 255, 87, 87, 192, 192, 0 

 CBC, EQ_Ser_1 Y+, 93, 255, 87, 0, 192, 128, 85, 192, 0 

 CBC, EQ_Ser_1 Y-, 255, 255, 255, 0, 128, 128, 255, 87, 128 

 CBC, EQ_Ser_1 X env, 255, 128, 0, 192, 192, 192, 192, 192, 192 

 CBC, EQ_Ser_1 Y env, 255, 0, 128, 255, 192, 160, 255, 87, 87 

 CBC, EQ_Ser_1 1.0X/0.3Y, 0, 128, 128, 0, 128, 57, 255, 128, 0 

 CBC, EQ_Ser_1 0.3X/1.0Y, 0, 128, 255, 128, 192, 0, 192, 192, 0 

 CBC, EQ_Ser_1_ENV, 210, 210, 210, 255, 128, 0, 192, 0, 192 

 CBC, EQ_Ser_2 X+, 160, 255, 255, 255, 192, 160, 160, 255, 255 

 CBC, EQ_Ser_2 X-, 255, 87, 128, 255, 192, 87, 0, 192, 192 

 CBC, EQ_Ser_2 Y+, 192, 192, 192, 160, 192, 255, 255, 192, 160 

 CBC, EQ_Ser_2 Y-, 0, 128, 192, 0, 128, 192, 78, 0, 255 

 CBC, EQ_Ser_2 X env, 255, 87, 87, 255, 87, 87, 255, 160, 255 

 CBC, EQ_Ser_2 Y env, 192, 72, 0, 128, 192, 0, 192, 128, 0 

 CBC, EQ_Ser_2 1.0X/0.3Y, 163, 160, 255, 160, 255, 255, 0, 128, 128 

 CBC, EQ_Ser_2 0.3X/1.0Y, 255, 128, 0, 212, 160, 255, 93, 255, 87 

 CBC, EQ_Ser_2_ENV, 160, 255, 255, 0, 128, 57, 192, 128, 0 

 CBC, EQ_Ser_1.0X/0.3Y, 93, 255, 87, 93, 255, 87, 128, 192, 0 

 CBC, EQ_Ser_0.3X/1.0Y, 255, 87, 128, 0, 128, 255, 192, 192, 0 

 CBC, EQ_Ser_ENV, 255, 255, 255, 212, 160, 255, 255, 0, 192 

 CBC, WS+X_, 160, 192, 255, 0, 128, 255, 255, 87, 87 

 CBC, WS-X_, 255, 255, 87, 255, 0, 128, 0, 157, 192 

 CBC, WS+Y_, 85, 0, 192, 0, 128, 128, 78, 0, 255 

 CBC, WS-Y_, 192, 192, 0, 85, 192, 0, 192, 72, 0 

 CBC, WS+Z+Y_, 160, 192, 255, 255, 255, 87, 78, 0, 255 

 CBC, WS-Z+Y_, 85, 192, 0, 255, 87, 128, 163, 255, 160 

 CBC, WS+Z-Y_, 255, 192, 160, 160, 255, 255, 192, 0, 192 

 CBC, WS-Z-Y_, 128, 192, 0, 0, 128, 192, 148, 87, 255 

 CBC, WS+Y+Z, 148, 87, 255, 163, 160, 255, 93, 255, 87 

 CBC, WS+Y-Z, 93, 255, 87, 0, 128, 128, 163, 255, 160 

 CBC, WS-Y+Z, 0, 128, 57, 146, 0, 255, 192, 0, 128 

 CBC, WS-Y-Z, 0, 128, 255, 0, 128, 128, 0, 128, 192 

 CBC, WS_ENV, 210, 210, 210, 192, 192, 192, 192, 72, 0 

 CBC, SE01a_, 255, 87, 87, 0, 128, 128, 0, 157, 192 

 CBC, SE01b_, 192, 72, 0, 255, 87, 87, 210, 210, 210 

 CBC, SE02a_, 0, 128, 192, 192, 72, 0, 255, 160, 255 

 CBC, SE02b_, 148, 87, 255, 0, 128, 255, 255, 160, 255 

 CBC, SE03a_, 255, 128, 0, 163, 160, 255, 85, 192, 0 

 CBC, SE03b_, 255, 128, 0, 163, 255, 160, 255, 255, 87 

 CBC, SE04a_, 255, 0, 128, 192, 128, 0, 78, 0, 255 

 CBC, SE04b_, 146, 0, 255, 255, 255, 255, 192, 72, 0 

 CBC, SE05a_, 160, 255, 255, 78, 0, 255, 210, 210, 210 

 CBC, SE05b_, 255, 87, 128, 210, 210, 210, 0, 192, 128 

 CBC, SE06a_, 146, 0, 255, 0, 192, 128, 192, 0, 128 

 CBC, SE06b_, 78, 0, 255, 210, 210, 210, 255, 192, 160 

 CBC, SE07a_, 0, 192, 192, 192, 72, 0, 255, 0, 192 

 CBC, SE07b_, 255, 160, 255, 0, 128, 192, 0, 192, 128 

 CBC, SE08a_, 192, 0, 128, 148, 87, 255, 255, 255, 87 

 CBC, SE08b_, 255, 192, 87, 0, 192, 128, 192, 192, 192 

 CBC, SE09a_, 0, 128, 128, 148, 87, 255, 212, 160, 255 

 CBC, SE09b_, 0, 157, 192, 192, 128, 0, 128, 192, 0 

 CBC, SE10a_, 93, 255, 87, 255, 255, 87, 146, 0, 255 
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 CBC, SE10b_, 255, 0, 192, 93, 255, 87, 192, 0, 192 

 CBC, SE11a_, 163, 255, 160, 78, 0, 255, 255, 87, 87 

 CBC, SE11b_, 255, 87, 128, 0, 128, 255, 148, 87, 255 

 CBC, SE_ENV, 163, 160, 255, 0, 192, 128, 0, 128, 128 

 CBC, STR_1, 192, 192, 192, 0, 128, 128, 0, 192, 128 

 CBC, STR_3, 192, 0, 192, 255, 255, 255, 128, 192, 0 

 CBC, STR_ENV, 192, 72, 0, 0, 128, 255, 148, 87, 255 

 CBC, EXT_1-1, 192, 192, 0, 255, 160, 255, 255, 87, 87 

 CBC, EXT_1-2, 0, 128, 192, 212, 160, 255, 85, 192, 0 

 CBC, EXT_3, 192, 0, 192, 255, 160, 255, 85, 0, 192 

 CBC, EXT_ENV, 255, 255, 87, 160, 192, 255, 192, 192, 0 

 CBC, SER_1, 85, 192, 0, 0, 128, 57, 78, 0, 255 

 CBC, SER_2, 128, 192, 0, 160, 192, 255, 0, 128, 192 

 CBC, SER_3, 255, 255, 255, 0, 157, 192, 255, 192, 87 

 CBC, SER_4, 0, 128, 57, 78, 0, 255, 85, 192, 0 

 CBC, SER_Sismo-1, 255, 0, 192, 163, 255, 160, 0, 192, 192 

 CBC, SER_Sismo-2, 163, 255, 160, 255, 87, 128, 128, 192, 0 

 CBC, SER_ENV, 148, 87, 255, 255, 255, 87, 192, 192, 0 

 CBC, Permanentes, 148, 87, 255, 210, 210, 210, 0, 192, 128 

 

*EIGEN-CTRL    ; Eigenvalue Analysis Control 

; TYPE, iFREQ, iITER, iDIM, TOL, bMINMAX, FRMIN, FRMAX, bSTRUM   ; TYPE=EIGEN 

; TYPE, bINCNL, iGNUM                                            ; TYPE=RITZ(line 1) 

;       KIND1, CASE1/GROUND1, iNOG1, ...                         ; TYPE=RITZ(from line2) 

   LANCZOS, 10, 20, 1, 1e-010, NO, 0, 0, NO 

 

*DGN-MATL    ; Modify Steel(Concrete) Material 

; iMAT, TYPE, MNAME, [DATA1]                                    ; STEEL 

; iMAT, TYPE, MNAME, [DATA2], [R-DATA], FCI, bSERV, SHORT, LONG ; CONC 

; iMAT, TYPE, MNAME, [DATA3], [DATA2], [R-DATA]                 ; SRC 

; iMAT, TYPE, MNAME, [DATA5]                                    ; STEEL(None) & KSCE-ASD05 

; [DATA1] : 1, DB, CODE, NAME or 2, ELAST, POISN, FU, FY1, FY2, FY3, FY4 

;           FY5, FY6, AFT, AFT2, AFT3, FY, AFV, AFV2, AFV3 

; [DATA2] : 1, DB, CODE, NAME or 2, FC, CHK, LAMBDA 

; [DATA3] : 1, DB, CODE, NAME or 2, ELAST, FU, FY1, FY2, FY3, FY4 

;              FY5, FY6, AFT, AFT2, AFT3, FY, AFV, AFV2, AFV3 

; [DATA4] : 1, DB, CODE, NAME or 2, FC 

; [DATA5] : 3, ELAST, POISN, AL1, AL2, AL3, AL4, AL5, AL6, AL7, AL8, AL9, AL10 

;              MIN1, MIN2, MIN3 

; [R-DATA]: RBCODE, RBMAIN, RBSUB, FY(R), FYS 

    1, STEEL, RIG               , 2, 2.1000e+010,   0.3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 

EN04(RC)   ,            ,               , , , , 0, 0,NO,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 0, 0,0, 0, 

0,0, 0, 0,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 

0, 0,0, 0, 0,0, 0, 0, 

    2, CONC , Grade C4000       , 1, ASTM(RC)   ,            ,Grade C4000   , NO, 1, , , , 0, 0, 

19305.3264306529, NO, 0, 0,            ,            ,              , 0, NO, 1, , , , 0, 0, 0 

    3, STEEL, A709-50           , 1, ASTM(S)    ,            ,A709-50       , 1, EN04(RC)   ,            ,               

, , , , 0, 0,NO,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0.0000e+000,     0,, 0, 0,0, 0, 

0,0, 0, 0,0, 0, 0,0, 0, 0,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0, 

    4, CONC , C4000 sin peso    , 2, 0, NO, 1, , , , 0, 0, 0, NO, 0, 0,            ,            ,              

, 0, NO, 1, , , , 0, 0, 0 

 

*CB-FACTOR    ; Bending Coefficient 

; ELEM_LIST, bAUTOCALC, CB 

   105001, YES, 0 

 

*K-FACTOR   ; Effective Length Factor 

; ELEM_LIST, Ky, Kz, Kt 

   102101 102201 103001 105001 106101 106201, 2, 2, 1 

 

*DYNAGEN-FIGURE    ; DynaGen Figure 

;  

NAME=PL06iext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 
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 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 11, 28, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 11, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL08dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 57, 37, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 
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 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 
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 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 57, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=BarrasSecTablero, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

BarrasSecTablero : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.7596, 

-26.2105, 12.5612, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 46.4905, -

12.5665, 16.412, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.7596, 

-26.2105, 12.5612, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 46.4905, -

12.5665, 16.412, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0178817, 0, 0, 0, 0, 0.0178817, 0, 0, 0, 0, -0.000107841, 0, 6.35287e-017, -0, -0.994592, 1 

 55.923, 0, 0, 0, 0, 55.923, 0, 0, 0, 0, -9272.92, 0, -3.55271e-015, 0, 9222.77, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.023569, 0.035912, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.023569, -0.035912, 0, 1 

 0.00150614, 0, 0, 0, 0, 0.00150614, 0, 0, 0, 0, 1, 0, -1.44589, -1.44589, 0, 1 

 663.949, 0, 0, 0, 0, 663.949, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.39517, 4.1995, 6.60287e-005, 0, -8.39517, 4.1995, 6.60287e-005, 0, 0, 10.2804, -5.3945e-005, 0, 

448.558, 672.658, -0.995947, 1 

 0.0595581, -0.0595581, 0, 0, 0.0297926, 0.0297926, 0.0729323, 0, 5677.62, 5677.62, -4638.58, 0, -5685.98, 

-5632.55, 4558.15, 1 

 0.0842278, 0, 0, 0, 0, 0.0842278, 0, 0, 0, 0, -9272.92, 0, -79.5407, -82.867, 9222.77, 1 

 11.8726, 0, 0, 0, 0, 11.8726, 0, 0, 0, 0, -0.000107841, 0, 944.351, 983.844, -0.994592, 1 

 8.39517, 4.1995, 6.60287e-005, 0, -8.39517, 4.1995, 6.60287e-005, 0, 0, 10.2804, -5.3945e-005, 0, 

448.558, 672.658, -0.995947, 1 

 0.0126443, 0.00632504, 6.60287e-005, 0, -0.0126443, 0.00632504, 6.60287e-005, 0, 0, 0.0154837, -5.3945e-

005, 0, -0.770304, -0.432777, -0.995947, 1 

 663.949, 0, 0, 0, 0, -663.949, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0595581, -0.0595581, 0, 0, -0.0297926, -0.0297926, -0.0729323, 0, 5677.62, 5677.62, -4638.58, 0, -

5628.78, -5575.35, 4698.18, 1 

 8.39517, -4.1995, 6.60287e-005, 0, -8.39517, -4.1995, 6.60287e-005, 0, 0, -10.2804, -5.3945e-005, 0, 

448.558, 1247.34, -0.995947, 1 

 11.8726, 0, 0, 0, 0, -11.8726, 0, 0, 0, 0, -0.000107841, 0, 944.351, 936.156, -0.994592, 1 

 0.0842278, 0, 0, 0, 0, -0.0842278, 0, 0, 0, 0, -9272.92, 0, -79.5407, 78.8504, 9222.77, 1 

 0.00150614, 0, 0, 0, 0, -0.00150614, 0, 0, 0, 0, 1, 0, -1.42233, 1.40998, 0, 1 

 0.0126443, 0.00632504, 6.60287e-005, 0, -0.0126443, 0.00632504, 6.60287e-005, 0, 0, 0.0154837, -5.3945e-

005, 0, -0.746735, -0.468689, -0.995947, 1 

 39.5435, -39.5435, 0, 0, 19.7808, 19.7808, 48.4233, 0, 5677.62, 5677.62, -4638.58, 0, -5600.42, -5659.48, 

4629.9, 1 

 663.949, 0, 0, 0, 0, -663.949, 0, 0, 0, 0, 1, 0, 944.351, 936.156, 0, 1 

 55.923, 0, 0, 0, 0, 55.923, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 55.923, 0, 0, 0, 0, 55.923, 0, 0, 0, 0, -9272.92, 0, -3.55271e-015, 0, 9222.77, 1 

 0.0178817, 0, 0, 0, 0, 0.0178817, 0, 0, 0, 0, -0.000107841, 0, 6.35287e-017, -0, -0.994592, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.7575, -5.7005, -1.488, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.7575, 5.7005, 1.488, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.7596, -26.2105, 12.5612, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.7596, 26.2105, -12.5612, 1 

 11.8726, 0, 0, 0, 0, -11.8726, 0, 0, 0, 0, -0.000107841, 0, 448.558, 1247.34, -0.995947, 1 

 0.0842278, 0, 0, 0, 0, -0.0842278, 0, 0, 0, 0, -9272.92, 0, -37.7811, 105.061, 9210.21, 1 

 0.0178817, 0, 0, 0, 0, 0.0178817, 0, 0, 0, 0, -0.000107841, 0, 6.35287e-017, -0, -0.994592, 1 

 55.923, 0, 0, 0, 0, 55.923, 0, 0, 0, 0, -9272.92, 0, -3.55271e-015, 0, 9222.77, 1 

 64.7575, 5.7005, 1.488 

 -8189.37, -8248.42, 6745.05 

 0, 0, 1 

 0, 0, 0 

 -3.55271e-015, 1.77636e-015, 134.81 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -50.1472, 18495.7, -55.923, -29.2272, 55.923, 29.2272, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.7593, -26.21, -13438.6, 1, 0.017537, 0, 0, 0, 0, 

0.0338732, 0, 0, -0, -0, -0.000107841, -0, -0.0231146, 0.0680278, -0.994592, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -79.5407, 82.1768, -82.867, 78.8504, 134.81, 135.81, -55.7042, 58.3403, -

31.5302, 27.5135, 134.81, 135.81, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.42233, -1.48181, 1.46946, 1.40998, 

0, -1.42233, -1.48181, 1.46946, 1.40998, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 

50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 
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 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=WSXNeg, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 30, 48, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 
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 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 
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 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 30, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosColumna456SP, , NO, 0, 0, NO 

 0.891007, -0.45399, 0, 0.144167, 0.282943, 0.94824, -0.430492, -0.844888, 0.317555, , , NO, NO, NO, 2, 

NodosColumna456SP : Active 2, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.891007, 0.144167, -0.430492, 0, -0.45399, 0.282943, -0.844888, 0, 0, 0.94824, 0.317555, 0, -59.3376, -

11.2779, 31.6428, 1 

 0.891007, -0.45399, 0, 0, 0.144167, 0.282943, 0.94824, 0, -0.430492, -0.844888, 0.317555, 0, 68.118, 

2.98698, 0.645838, 1 

 0.891007, 0.144167, -0.430492, 0, -0.45399, 0.282943, -0.844888, 0, 0, 0.94824, 0.317555, 0, -59.3376, -

11.2779, 31.6428, 1 

 0.891007, -0.45399, 0, 0, 0.144167, 0.282943, 0.94824, 0, -0.430492, -0.844888, 0.317555, 0, 68.118, 

2.98698, 0.645838, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0564057, 0, 0, 0, 0, 0.0564057, 0, 0, 0, 0, -0.000386598, 0, -4.00787e-016, -0, -0.994199, 1 

 17.7287, 0, 0, 0, 0, 17.7287, 0, 0, 0, 0, -2586.67, 0, 7.10543e-015, 0, 2571.66, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.00735147, -0.0416606, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.00735147, 0.0416606, 0, 1 

 0.00152647, 0, 0, 0, 0, 0.00152647, 0, 0, 0, 0, 1, 0, -1.46541, -1.46541, 0, 1 

 655.106, 0, 0, 0, 0, 655.106, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 32.9242, 5.32721, 0.000166427, 0, -16.7757, 10.4552, 0.000326632, 0, 0, 35.0391, -0.000122766, 0, -

1227.81, 515.97, -1.00643, 1 

 0.0241127, -0.012286, 0, 0, 0.00390149, 0.0076571, 0.0256616, 0, 1113.54, 2185.44, -821.408, 0, -1065.87, 

-2165.07, 793.354, 1 

 0.0270623, 0, 0, 0, 0, 0.0270623, 0, 0, 0, 0, -2586.67, 0, -26.1102, -25.2413, 2571.66, 1 

 36.9517, 0, 0, 0, 0, 36.9517, 0, 0, 0, 0, -0.000386598, 0, 964.816, 932.708, -0.994199, 1 

 32.9242, 5.32721, 0.000166427, 0, -16.7757, 10.4552, 0.000326632, 0, 0, 35.0391, -0.000122766, 0, -

1227.81, 515.97, -1.00643, 1 

 0.0502579, 0.00813183, 0.000166427, 0, -0.0256077, 0.0159596, 0.000326632, 0, 0, 0.0534862, -0.000122766, 

0, -3.33963, -0.677799, -1.00643, 1 

 655.106, 0, 0, 0, 0, -655.106, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0241127, -0.012286, 0, 0, -0.00390149, -0.0076571, -0.0256616, 0, 1113.54, 2185.44, -821.408, 0, -

1058.37, -2150.37, 842.624, 1 

 32.9242, -5.32721, 0.000166427, 0, -16.7757, -10.4552, 0.000326632, 0, 0, -35.0391, -0.000122766, 0, -

1227.81, 1404.03, -1.00643, 1 

 36.9517, 0, 0, 0, 0, -36.9517, 0, 0, 0, 0, -0.000386598, 0, 964.816, 987.292, -0.994199, 1 
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 0.0270623, 0, 0, 0, 0, -0.0270623, 0, 0, 0, 0, -2586.67, 0, -26.1102, 26.7184, 2571.66, 1 

 0.00152647, 0, 0, 0, 0, -0.00152647, 0, 0, 0, 0, 1, 0, -1.47276, 1.50707, 0, 1 

 0.0502579, 0.00813183, 0.000166427, 0, -0.0256077, 0.0159596, 0.000326632, 0, 0, 0.0534862, -0.000122766, 

0, -3.34698, -0.636139, -1.00643, 1 

 15.7964, -8.04866, 0, 0, 2.55589, 5.01621, 16.8111, 0, 1113.54, 2185.44, -821.408, 0, -1038.96, -2169.78, 

817.289, 1 

 655.106, 0, 0, 0, 0, -655.106, 0, 0, 0, 0, 1, 0, 964.816, 987.292, 0, 1 

 17.7287, 0, 0, 0, 0, 17.7287, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 17.7287, 0, 0, 0, 0, 17.7287, 0, 0, 0, 0, -2586.67, 0, 7.10543e-015, 0, 2571.66, 1 

 0.0564057, 0, 0, 0, 0, 0.0564057, 0, 0, 0, 0, -0.000386598, 0, -4.00787e-016, -0, -0.994199, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -72.0065, -10.6185, 2.2225, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 72.0065, 10.6185, -2.2225, 1 

 0.891007, 0.144167, -0.430492, 0, -0.45399, 0.282943, -0.844888, 0, 0, 0.94824, 0.317555, 0, 0, 0, 0, 1 

 0.891007, -0.45399, 0, 0, 0.144167, 0.282943, 0.94824, 0, -0.430492, -0.844888, 0.317555, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -59.3376, -11.2779, 31.6428, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 59.3376, 11.2779, -31.6428, 1 

 36.9517, 0, 0, 0, 0, -36.9517, 0, 0, 0, 0, -0.000386598, 0, -1227.81, 1404.03, -1.00643, 1 

 0.0270623, 0, 0, 0, 0, -0.0270623, 0, 0, 0, 0, -2586.67, 0, 33.2274, 37.9963, 2540.02, 1 

 0.0564057, 0, 0, 0, 0, 0.0564057, 0, 0, 0, 0, -0.000386598, 0, -4.00787e-016, -0, -0.994199, 1 

 17.7287, 0, 0, 0, 0, 17.7287, 0, 0, 0, 0, -2586.67, 0, 7.10543e-015, 0, 2571.66, 1 

 72.0065, 10.6185, -2.2225 

 -1502.67, -3079.85, 1159.34 

 0.144167, 0.282943, 0.94824 

 0, 0, 0 

 7.10543e-015, -8.88178e-016, 36.5784 

 0, 0, 0 

 -0.430492, -0.844888, 0.317555 

 0.144167, 0.282943, 0.94824 

 NO, NO, NO, NO, NO, NO, NO 

 -15.0049, 5158.33, -17.7287, -8.20708, 17.7287, 8.20708, 0.891007, 0.144167, -0.430492, 0, -0.453991, 

0.282943, -0.844888, 0, 7.45058e-009, 0.94824, 0.317554, 0, -59.3377, -11.2782, -3617.17, 1, 0.0545816, 0, 

0, 0, 0, 0.105426, 0, 0, -0, -0, -0.000386598, -0, 0.00711373, -0.0778662, -0.994199, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -26.1102, 25.8495, -25.2413, 26.7184, 36.5784, 37.5784, -18.4515, 18.1909, -

8.74676, 10.2239, 36.5784, 37.5784, 15, NO, YES, YES, NO, -0.430492, -0.844888, 0.317555, 0.144167, 

0.282943, 0.94824, 0.4, 50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.47276, 

-1.42375, 1.45806, 1.50707, 0, -1.47276, -1.42375, 1.45806, 1.50707, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 

1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE02b, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 
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 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 63, 62, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 63, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TerrenoEstratoRe, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 1, 4 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 
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 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.114325, 0, 0, 0, 0, 0, 0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, -122.044, 1 

 0.114325, 0, 0, 0, 0, 0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, -109.752, 7784.42, 1 

 8.74697, 0, 0, 0, 0, 8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114325, 0, 0, 0, 0, 0, -0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, 97.4602, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, -8.74697, 0, 0, 394.556, 852.482, -0.991628, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, 109.752, 7784.42, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 67.7355, 0, 0, 0, 0, 0, 67.7355, 0, 0, 7798.82, 0, 0, 64.6445, -7835.31, -12.292, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, -12.292, 50.8917, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 394.556, 852.482, -0.991628, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -45.1077, 97.4602, 7835.31, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 64.6445, 5.423, -12.292 

 64.6445, -14137.7, -12.292 

 0, 0, 1 

 0, 0, 0 

 0, 0, 141.431 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -14.401, 15583.2, -67.7355, -15.265, 67.7355, 15.265, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 

12.292, -14137.7, 1, 0.0129202, 0, 0, 0, 0, 0.0249557, 0, 0, -0, -0, -0.000128225, -0, 0, 1.77321e-016, -

0.998153, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -109.752, 109.752, -109.752, 109.752, 141.431, 142.431, -77.3982, 77.3982, -

40.071, 40.071, 141.431, 142.431, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 243 DE 708 

 

 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE08b, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 75, 74, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 
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 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130457, 0, 0, 0, 0, 

0.0251293, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196026, 0.0133991, -0.994178, 1, 0, 0, 1358, 705 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -75.1507, 78.1559, -

40.3275, 39.2611, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1358, 705, 0, 281, 607.5, 1639, 1312.5, 0, 0, 0, 1358, 705, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 
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 0 

 0 

 0 

 0, 1, 75, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=CargaPavNoEstr, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 4, 5, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 
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 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 4, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL03iext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 8, 16, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 8, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL06dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 53, 29, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 
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 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 
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 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 53, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=3DAlambrico, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 251 DE 708 

 

 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 
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 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL08iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 58, 38, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 
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 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 
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 0 

 0 

 0, 1, 58, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosColumnas, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

NodosColumnas : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.6104, 

-25.1025, 17.3754, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 48.9407, -

9.90526, 13.0445, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.6104, 

-25.1025, 17.3754, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 48.9407, -

9.90526, 13.0445, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0196206, 0, 0, 0, 0, 0.0196206, 0, 0, 0, 0, -0.000116019, 0, -1.39413e-016, -1.39413e-016, -0.99459, 1 

 50.9668, 0, 0, 0, 0, 50.9668, 0, 0, 0, 0, -8619.27, 0, 7.10543e-015, 7.10543e-015, 8572.64, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0406782, 0.0419214, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0406782, -0.0419214, 0, 1 

 0.00151716, 0, 0, 0, 0, 0.00151716, 0, 0, 0, 0, 1, 0, -1.45647, -1.45647, 0, 1 

 659.127, 0, 0, 0, 0, 659.127, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 9.14463, 4.5744, 7.10361e-005, 0, -9.14463, 4.5744, 7.10361e-005, 0, 0, 11.1981, -5.8036e-005, 0, 

395.063, 662.994, -0.996606, 1 

 0.0546769, -0.0546769, 0, 0, 0.0273509, 0.0273509, 0.0669551, 0, 5277.4, 5277.4, -4311.6, 0, -5277.94, -

5234.74, 4235.19, 1 

 0.0773248, 0, 0, 0, 0, 0.0773248, 0, 0, 0, 0, -8619.27, 0, -72.1586, -76.3684, 8572.64, 1 

 12.9325, 0, 0, 0, 0, 12.9325, 0, 0, 0, 0, -0.000116019, 0, 933.188, 987.631, -0.99459, 1 

 9.14463, 4.5744, 7.10361e-005, 0, -9.14463, 4.5744, 7.10361e-005, 0, 0, 11.1981, -5.8036e-005, 0, 

395.063, 662.994, -0.996606, 1 

 0.0138739, 0.00694009, 7.10361e-005, 0, -0.0138739, 0.00694009, 7.10361e-005, 0, 0, 0.0169894, -5.8036e-

005, 0, -0.857099, -0.450606, -0.996606, 1 

 659.127, 0, 0, 0, 0, -659.127, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0546769, -0.0546769, 0, 0, -0.0273509, -0.0273509, -0.0669551, 0, 5277.4, 5277.4, -4311.6, 0, -5225.43, 

-5182.23, 4363.75, 1 

 9.14463, -4.5744, 7.10361e-005, 0, -9.14463, -4.5744, 7.10361e-005, 0, 0, -11.1981, -5.8036e-005, 0, 

395.063, 1257.01, -0.996606, 1 

 12.9325, 0, 0, 0, 0, -12.9325, 0, 0, 0, 0, -0.000116019, 0, 933.188, 932.369, -0.99459, 1 

 0.0773248, 0, 0, 0, 0, -0.0773248, 0, 0, 0, 0, -8619.27, 0, -72.1586, 72.0952, 8572.64, 1 

 0.00151716, 0, 0, 0, 0, -0.00151716, 0, 0, 0, 0, 1, 0, -1.41579, 1.41455, 0, 1 
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 0.0138739, 0.00694009, 7.10361e-005, 0, -0.0138739, 0.00694009, 7.10361e-005, 0, 0, 0.0169894, -5.8036e-

005, 0, -0.816421, -0.492527, -0.996606, 1 

 36.039, -36.039, 0, 0, 18.0277, 18.0277, 44.1319, 0, 5277.4, 5277.4, -4311.6, 0, -5199.91, -5258.75, 

4301.32, 1 

 659.127, 0, 0, 0, 0, -659.127, 0, 0, 0, 0, 1, 0, 933.188, 932.369, 0, 1 

 50.9668, 0, 0, 0, 0, 50.9668, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 50.9668, 0, 0, 0, 0, 50.9668, 0, 0, 0, 0, -8619.27, 0, 7.10543e-015, 7.10543e-015, 8572.64, 1 

 0.0196206, 0, 0, 0, 0, 0.0196206, 0, 0, 0, 0, -0.000116019, 0, -1.39413e-016, -1.39413e-016, -0.99459, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -65.6685, -6.8225, 0.622, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 65.6685, 6.8225, -0.622, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.6104, -25.1025, 17.3754, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.6104, 25.1025, -17.3754, 1 

 12.9325, 0, 0, 0, 0, -12.9325, 0, 0, 0, 0, -0.000116019, 0, 395.063, 1257.01, -0.996606, 1 

 0.0773248, 0, 0, 0, 0, -0.0773248, 0, 0, 0, 0, -8619.27, 0, -30.5482, 97.1978, 8555.26, 1 

 0.0196206, 0, 0, 0, 0, 0.0196206, 0, 0, 0, 0, -0.000116019, 0, -1.39413e-016, -1.39413e-016, -0.99459, 1 

 50.9668, 0, 0, 0, 0, 50.9668, 0, 0, 0, 0, -8619.27, 0, 7.10543e-015, 7.10543e-015, 8572.64, 1 

 65.6685, 6.8225, -0.622 

 -7605.52, -7664.36, 6266.69 

 0, 0, 1 

 0, 0, 0 

 7.10543e-015, 3.55271e-015, 125.289 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -46.63, 17191.9, -50.9668, -28.0884, 50.9668, 28.0884, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.6108, -25.1016, -12484.2, 1, 0.0191026, 0, 0, 0, 0, 

0.0368972, 0, 0, -0, -0, -0.000116019, -0, -0.0396042, 0.0788345, -0.99459, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -72.1586, 76.3051, -76.3684, 72.0952, 125.289, 126.289, -50.2757, 54.4221, -

29.2389, 24.9657, 125.289, 126.289, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.41579, -1.49839, 1.49715, 

1.41455, 0, -1.41579, -1.49839, 1.49715, 1.41455, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=WSYPos, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 31, 49, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 31, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosColumna789SP, , NO, 0, 0, NO 

 0.669131, -0.743145, 0, 0.211252, 0.190212, 0.958745, -0.712486, -0.641526, 0.284268, , , NO, NO, NO, 2, 

NodosColumna789SP : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 
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 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.669131, 0.211252, -0.712486, 0, -0.743145, 0.190212, -0.641526, 0, 0, 0.958745, 0.284268, 0, -70.9662, 

-22.696, 78.5066, 1 

 0.669131, -0.743145, 0, 0, 0.211252, 0.190212, 0.958745, 0, -0.712486, -0.641526, 0.284268, 0, 108.215, 

1.9429, -0.557238, 1 

 0.669131, 0.211252, -0.712486, 0, -0.743145, 0.190212, -0.641526, 0, 0, 0.958745, 0.284268, 0, -70.9662, 

-22.696, 78.5066, 1 

 0.669131, -0.743145, 0, 0, 0.211252, 0.190212, 0.958745, 0, -0.712486, -0.641526, 0.284268, 0, 108.215, 

1.9429, -0.557238, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0627001, 0, 0, 0, 0, 0.0627001, 0, 0, 0, 0, -0.000387592, 0, 2.22756e-016, 1.11378e-016, -0.993221, 1 

 15.9489, 0, 0, 0, 0, 15.9489, 0, 0, 0, 0, -2580.03, 0, -3.55271e-015, -1.77636e-015, 2562.55, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.00484814, 0.00405287, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.00484814, -0.00405287, 0, 1 

 0.0014498, 0, 0, 0, 0, 0.0014498, 0, 0, 0, 0, 1, 0, -1.3918, -1.3918, 0, 1 

 689.752, 0, 0, 0, 0, 689.752, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 28.9382, 9.13614, 0.000276154, 0, -32.1392, 8.22622, 0.00024865, 0, 0, 41.4633, -0.00011018, 0, -2112.46, 

-18.751, -1.02365, 1 

 0.0154721, -0.0171835, 0, 0, 0.00488472, 0.00439823, 0.0221688, 0, 1838.24, 1655.16, -733.421, 0, -

1737.07, -1629.79, 706.548, 1 

 0.0231227, 0, 0, 0, 0, 0.0231227, 0, 0, 0, 0, -2580.03, 0, -22.1205, -22.2624, 2562.55, 1 

 43.2475, 0, 0, 0, 0, 43.2475, 0, 0, 0, 0, -0.000387592, 0, 956.656, 962.795, -0.993221, 1 

 28.9382, 9.13614, 0.000276154, 0, -32.1392, 8.22622, 0.00024865, 0, 0, 41.4633, -0.00011018, 0, -2112.46, 

-18.751, -1.02365, 1 

 0.0419546, 0.0132455, 0.000276154, 0, -0.0465953, 0.0119263, 0.00024865, 0, 0, 0.0601134, -0.00011018, 0, 

-4.45444, -1.41899, -1.02365, 1 

 689.752, 0, 0, 0, 0, -689.752, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0154721, -0.0171835, 0, 0, -0.00488472, -0.00439823, -0.0221688, 0, 1838.24, 1655.16, -733.421, 0, -

1727.69, -1621.35, 749.112, 1 

 28.9382, -9.13614, 0.000276154, 0, -32.1392, -8.22622, 0.00024865, 0, 0, -41.4633, -0.00011018, 0, -

2112.46, 1938.75, -1.02365, 1 

 43.2475, 0, 0, 0, 0, -43.2475, 0, 0, 0, 0, -0.000387592, 0, 956.656, 957.205, -0.993221, 1 

 0.0231227, 0, 0, 0, 0, -0.0231227, 0, 0, 0, 0, -2580.03, 0, -22.1205, 22.1332, 2562.55, 1 

 0.0014498, 0, 0, 0, 0, -0.0014498, 0, 0, 0, 0, 1, 0, -1.38696, 1.38775, 0, 1 

 0.0419546, 0.0132455, 0.000276154, 0, -0.0465953, 0.0119263, 0.00024865, 0, 0, 0.0601134, -0.00011018, 0, 

-4.44959, -1.42304, -1.02365, 1 

 10.6719, -11.8524, 0, 0, 3.36925, 3.03368, 15.291, 0, 1838.24, 1655.16, -733.421, 0, -1717.56, -1642, 

727.892, 1 

 689.752, 0, 0, 0, 0, -689.752, 0, 0, 0, 0, 1, 0, 956.656, 957.205, 0, 1 

 15.9489, 0, 0, 0, 0, 15.9489, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 15.9489, 0, 0, 0, 0, 15.9489, 0, 0, 0, 0, -2580.03, 0, -3.55271e-015, -1.77636e-015, 2562.55, 1 

 0.0627001, 0, 0, 0, 0, 0.0627001, 0, 0, 0, 0, -0.000387592, 0, 2.22756e-016, 1.11378e-016, -0.993221, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -112.897, -6.158, 2.425, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 112.897, 6.158, -2.425, 1 

 0.669131, 0.211252, -0.712486, 0, -0.743145, 0.190212, -0.641526, 0, -2.77556e-017, 0.958745, 0.284268, 

0, 0, 0, 0, 1 

 0.669131, -0.743145, 0, 0, 0.211252, 0.190212, 0.958745, 0, -0.712486, -0.641526, 0.284268, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -70.9662, -22.696, 78.5066, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 70.9662, 22.696, -78.5066, 1 

 43.2475, 0, 0, 0, 0, -43.2475, 0, 0, 0, 0, -0.000387592, 0, -2112.46, 1938.75, -1.02365, 1 

 0.0231227, 0, 0, 0, 0, -0.0231227, 0, 0, 0, 0, -2580.03, 0, 48.8457, 44.8292, 2484.04, 1 

 0.0627001, 0, 0, 0, 0, 0.0627001, 0, 0, 0, 0, -0.000387592, 0, 2.22756e-016, 1.11378e-016, -0.993221, 1 

 15.9489, 0, 0, 0, 0, 15.9489, 0, 0, 0, 0, -2580.03, 0, -3.55271e-015, -1.77636e-015, 2562.55, 1 

 112.897, 6.158, -2.425 

 -2305.05, -2170.97, 962.288 

 0.211252, 0.190212, 0.958745 

 0, 0, 0 

 -3.55271e-015, -1.77636e-015, 33.9368 

 0, 0, 0 
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 -0.712486, -0.641526, 0.284268 

 0.211252, 0.190212, 0.958745 

 NO, NO, NO, NO, NO, NO, NO 

 -17.489, 5142.58, -15.9489, -7.25267, 15.9489, 7.25267, 0.669131, 0.211252, -0.712486, 0, -0.743145, 

0.190212, -0.641526, 0, 0, 0.958745, 0.284268, 0, -70.9661, -22.696, -3308.6, 1, 0.0638811, 0, 0, 0, 0, 

0.123388, 0, 0, -0, -0, -0.000387592, -0, -0.00493945, 0.00797568, -0.993221, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -22.1205, 22.2751, -22.2624, 22.1332, 33.9368, 34.9368, -15.5768, 15.7314, -

8.16915, 8.03987, 33.9368, 34.9368, 15, NO, YES, YES, NO, -0.712486, -0.641526, 0.284268, 0.211252, 

0.190212, 0.958745, 0.4, 50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -

1.38696, -1.39586, 1.39665, 1.38775, 0, -1.38696, -1.39586, 1.39665, 1.38775, 0, 0, 0, 1920, 1920, 0, 0, 

0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE03a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 64, 63, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 
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 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 64, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TerrenoEstratoTb1, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 1, 5 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.114325, 0, 0, 0, 0, 0, 0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, -122.044, 1 

 0.114325, 0, 0, 0, 0, 0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, -109.752, 7784.42, 1 

 8.74697, 0, 0, 0, 0, 8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114325, 0, 0, 0, 0, 0, -0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, 97.4602, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, -8.74697, 0, 0, 394.556, 852.482, -0.991628, 1 
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 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, 109.752, 7784.42, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 67.7355, 0, 0, 0, 0, 0, 67.7355, 0, 0, 7798.82, 0, 0, 64.6445, -7835.31, -12.292, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, -12.292, 50.8917, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 394.556, 852.482, -0.991628, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -45.1077, 97.4602, 7835.31, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 64.6445, 5.423, -12.292 

 64.6445, -14137.7, -12.292 

 0, 0, 1 

 0, 0, 0 

 0, 0, 141.431 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -14.401, 15583.2, -67.7355, -15.265, 67.7355, 15.265, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 

12.292, -14137.7, 1, 0.0129202, 0, 0, 0, 0, 0.0249557, 0, 0, -0, -0, -0.000128225, -0, 0, 1.77321e-016, -

0.998153, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -109.752, 109.752, -109.752, 109.752, 141.431, 142.431, -77.3982, 77.3982, -

40.071, 40.071, 141.431, 142.431, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE09a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 76, 75, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130457, 0, 0, 0, 0, 

0.0251293, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196026, 0.0133991, -0.994178, 1, 0, 0, 1358, 705 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -75.1507, 78.1559, -

40.3275, 39.2611, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1358, 705, 0, 281, 607.5, 1639, 1312.5, 0, 0, 0, 1358, 705, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL01dext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 42, 7, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 
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 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 266 DE 708 

 

 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 42, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL03dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 47, 17, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 
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 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 
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 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 47, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL06iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 54, 30, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 
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 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 
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 0 

 0 

 0, 1, 54, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=3DVolumen, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, YES, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 
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 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL09dext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 16, 39, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 16, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosCimentacion, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

NodosCimentacion : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 
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 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -42.5632, 

-13.267, 24.9808, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 50.0847, -

10.1088, -1.00827, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -42.5632, 

-13.267, 24.9808, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 50.0847, -

10.1088, -1.00827, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0207109, 0, 0, 0, 0, 0.0207109, 0, 0, 0, 0, -0.000115054, 0, -0, -7.35799e-017, -0.994341, 1 

 48.2837, 0, 0, 0, 0, 48.2837, 0, 0, 0, 0, -8691.6, 0, 0, 3.55271e-015, 8642.41, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0421112, 0.0493667, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0421112, -0.0493667, 0, 1 

 0.00215418, 0, 0, 0, 0, 0.00215418, 0, 0, 0, 0, 1, 0, -2.06802, -2.06802, 0, 1 

 464.213, 0, 0, 0, 0, 464.213, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.79832, 3.40071, 7.04449e-005, 0, -6.79832, 3.40071, 7.04449e-005, 0, 0, 8.32494, -5.7553e-005, 0, 

531.237, 855.364, -0.997215, 1 

 0.0735476, -0.0735476, 0, 0, 0.0367906, 0.0367906, 0.0900633, 0, 5321.69, 5321.69, -4347.79, 0, -5346.82, 

-5268.67, 4233.65, 1 

 0.104012, 0, 0, 0, 0, 0.104012, 0, 0, 0, 0, -8691.6, 0, -97.8182, -102.235, 8642.41, 1 

 9.61428, 0, 0, 0, 0, 9.61428, 0, 0, 0, 0, -0.000115054, 0, 940.451, 982.917, -0.994341, 1 

 6.79832, 3.40071, 7.04449e-005, 0, -6.79832, 3.40071, 7.04449e-005, 0, 0, 8.32494, -5.7553e-005, 0, 

531.237, 855.364, -0.997215, 1 

 0.0146448, 0.00732575, 7.04449e-005, 0, -0.0146448, 0.00732575, 7.04449e-005, 0, 0, 0.0179334, -5.7553e-

005, 0, -0.923635, -0.225405, -0.997215, 1 

 464.213, 0, 0, 0, 0, -464.213, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0735476, -0.0735476, 0, 0, -0.0367906, -0.0367906, -0.0900633, 0, 5321.69, 5321.69, -4347.79, 0, -

5276.18, -5198.04, 4406.57, 1 

 6.79832, -3.40071, 7.04449e-005, 0, -6.79832, -3.40071, 7.04449e-005, 0, 0, -8.32494, -5.7553e-005, 0, 

531.237, 1064.64, -0.997215, 1 

 9.61428, 0, 0, 0, 0, -9.61428, 0, 0, 0, 0, -0.000115054, 0, 940.451, 937.083, -0.994341, 1 

 0.104012, 0, 0, 0, 0, -0.104012, 0, 0, 0, 0, -8691.6, 0, -97.8182, 97.4679, 8642.41, 1 

 0.00215418, 0, 0, 0, 0, -0.00215418, 0, 0, 0, 0, 1, 0, -2.0259, 2.01865, 0, 1 

 0.0146448, 0.00732575, 7.04449e-005, 0, -0.0146448, 0.00732575, 7.04449e-005, 0, 0, 0.0179334, -5.7553e-

005, 0, -0.881523, -0.274772, -0.997215, 1 

 34.1418, -34.1418, 0, 0, 17.0787, 17.0787, 41.8086, 0, 5321.69, 5321.69, -4347.79, 0, -5241.49, -5301.68, 

4322.17, 1 

 464.213, 0, 0, 0, 0, -464.213, 0, 0, 0, 0, 1, 0, 940.451, 937.083, 0, 1 

 48.2837, 0, 0, 0, 0, 48.2837, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 48.2837, 0, 0, 0, 0, 48.2837, 0, 0, 0, 0, -8691.6, 0, 0, 3.55271e-015, 8642.41, 1 

 0.0207109, 0, 0, 0, 0, 0.0207109, 0, 0, 0, 0, -0.000115054, 0, -0, -7.35799e-017, -0.994341, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -66.967, -6.7735, 14.801, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 66.967, 6.7735, -14.801, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -42.5632, -13.267, 24.9808, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 42.5632, 13.267, -24.9808, 1 

 9.61428, 0, 0, 0, 0, -9.61428, 0, 0, 0, 0, -0.000115054, 0, 531.237, 1064.64, -0.997215, 1 

 0.104012, 0, 0, 0, 0, -0.104012, 0, 0, 0, 0, -8691.6, 0, -55.255, 110.735, 8617.43, 1 

 0.0207109, 0, 0, 0, 0, 0.0207109, 0, 0, 0, 0, -0.000115054, 0, -0, -7.35799e-017, -0.994341, 1 

 48.2837, 0, 0, 0, 0, 48.2837, 0, 0, 0, 0, -8691.6, 0, 0, 3.55271e-015, 8642.41, 1 

 66.967, 6.7735, -14.801 

 -7534.52, -7594.72, 6195.57 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 124.151 

 0, 0, 0 

 -0.612, -0.612, 0.5 
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 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -49.1895, 17334, -48.2837, -35.1982, 48.2837, 35.1982, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -42.5635, -13.2661, -12362.5, 1, 0.0142013, 0, 0, 0, 0, 

0.0274302, 0, 0, -0, -0, -0.000115054, -0, -0.0288753, 0.0653829, -0.994341, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -97.8182, 101.885, -102.235, 97.4679, 124.151, 125.151, -68.3828, 72.4494, -

38.8398, 34.0726, 124.151, 125.151, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -2.0259, -2.11738, 2.11013, 

2.01865, 0, -2.0259, -2.11738, 2.11013, 2.01865, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=WSYNeg, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 32, 50, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 276 DE 708 

 

 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 
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 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 32, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=UnionCaballeteTablero, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

UnionCaballeteTablero : Active 2, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -0.552958, 

-1.75531, -3.69053, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -1.24775, 

-2.02975, 3.36601, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -0.552958, 

-1.75531, -3.69053, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -1.24775, 

-2.02975, 3.36601, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.111973, 0, 0, 0, 0, 0.111973, 0, 0, 0, 0, -0.000718249, 0, -9.94516e-017, -0, -0.993569, 1 

 8.93076, 0, 0, 0, 0, 8.93076, 0, 0, 0, 0, -1392.27, 0, 8.88178e-016, 0, 1383.32, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.00233571, -0.0080995, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.00233571, 0.0080995, 0, 1 

 0.00153634, 0, 0, 0, 0, 0.00153634, 0, 0, 0, 0, 1, 0, -1.47489, -1.47489, 0, 1 

 650.896, 0, 0, 0, 0, 650.896, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 51.5357, 25.7796, 0.000439769, 0, -51.5357, 25.7796, 0.000439769, 0, 0, 63.1085, -0.000359288, 0, 

921.219, 826.797, -0.990918, 1 

 0.00970201, -0.00970201, 0, 0, 0.00485322, 0.00485322, 0.0118807, 0, 852.461, 852.461, -696.455, 0, -

862.188, -844.313, 683.999, 1 

 0.0137207, 0, 0, 0, 0, 0.0137207, 0, 0, 0, 0, -1392.27, 0, -13.1927, -13.0995, 1383.32, 1 
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 72.8825, 0, 0, 0, 0, 72.8825, 0, 0, 0, 0, -0.000718249, 0, 961.52, 954.728, -0.993569, 1 

 51.5357, 25.7796, 0.000439769, 0, -51.5357, 25.7796, 0.000439769, 0, 0, 63.1085, -0.000359288, 0, 

921.219, 826.797, -0.990918, 1 

 0.0791766, 0.0396063, 0.000439769, 0, -0.0791766, 0.0396063, 0.000439769, 0, 0, 0.0969563, -0.000359288, 

0, -0.0595804, -0.204646, -0.990918, 1 

 650.896, 0, 0, 0, 0, -650.896, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00970201, -0.00970201, 0, 0, -0.00485322, -0.00485322, -0.0118807, 0, 852.461, 852.461, -696.455, 0, -

852.87, -834.995, 706.81, 1 

 51.5357, -25.7796, 0.000439769, 0, -51.5357, -25.7796, 0.000439769, 0, 0, -63.1085, -0.000359288, 0, 

921.219, 1093.2, -0.990918, 1 

 72.8825, 0, 0, 0, 0, -72.8825, 0, 0, 0, 0, -0.000718249, 0, 961.52, 965.272, -0.993569, 1 

 0.0137207, 0, 0, 0, 0, -0.0137207, 0, 0, 0, 0, -1392.27, 0, -13.1927, 13.2442, 1383.32, 1 

 0.00153634, 0, 0, 0, 0, -0.00153634, 0, 0, 0, 0, 1, 0, -1.47722, 1.48299, 0, 1 

 0.0791766, 0.0396063, 0.000439769, 0, -0.0791766, 0.0396063, 0.000439769, 0, 0, 0.0969563, -0.000359288, 

0, -0.0619161, -0.196546, -0.990918, 1 

 6.315, -6.315, 0, 0, 3.15894, 3.15894, 7.73309, 0, 852.461, 852.461, -696.455, 0, -848.226, -849.008, 

695.342, 1 

 650.896, 0, 0, 0, 0, -650.896, 0, 0, 0, 0, 1, 0, 961.52, 965.272, 0, 1 

 8.93076, 0, 0, 0, 0, 8.93076, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.93076, 0, 0, 0, 0, 8.93076, 0, 0, 0, 0, -1392.27, 0, 8.88178e-016, 0, 1383.32, 1 

 0.111973, 0, 0, 0, 0, 0.111973, 0, 0, 0, 0, -0.000718249, 0, -9.94516e-017, -0, -0.993569, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -1.1715, -0.3895, -1.3895, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 1.1715, 0.3895, 1.3895, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.552958, -1.75531, -3.69053, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.552958, 1.75531, 3.69053, 1 

 72.8825, 0, 0, 0, 0, -72.8825, 0, 0, 0, 0, -0.000718249, 0, 921.219, 1093.2, -0.990918, 1 

 0.0137207, 0, 0, 0, 0, -0.0137207, 0, 0, 0, 0, -1392.27, 0, -12.6398, 14.9995, 1387.01, 1 

 0.111973, 0, 0, 0, 0, 0.111973, 0, 0, 0, 0, -0.000718249, 0, -9.94516e-017, -0, -0.993569, 1 

 8.93076, 0, 0, 0, 0, 8.93076, 0, 0, 0, 0, -1392.27, 0, 8.88178e-016, 0, 1383.32, 1 

 1.1715, 0.3895, 1.3895 

 -1150.04, -1150.82, 941.919 

 0, 0, 1 

 0, 0, 0 

 8.88178e-016, -4.44089e-016, 18.802 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -8.95394, 2775.6, -8.93076, -4.84971, 8.93076, 4.84971, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -0.552917, -1.75525, -1879.94, 1, 0.107655, 0, 0, 0, 0, 

0.207939, 0, 0, -0, -0, -0.000718249, -0, 0.00224565, -0.0150412, -0.993569, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -13.1927, 13.151, -13.0995, 13.2442, 18.802, 19.802, -9.30978, 9.26806, -

4.73677, 4.88144, 18.802, 19.802, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.47722, -1.46679, 1.47255, 1.48299, 

0, -1.47722, -1.46679, 1.47255, 1.48299, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 

50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 
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 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE03b, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 65, 64, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 
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 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 65, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TerrenoEstratoAz, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 1, 6 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.114325, 0, 0, 0, 0, 0, 0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, -122.044, 1 

 0.114325, 0, 0, 0, 0, 0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, -109.752, 7784.42, 1 

 8.74697, 0, 0, 0, 0, 8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114325, 0, 0, 0, 0, 0, -0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, 97.4602, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, -8.74697, 0, 0, 394.556, 852.482, -0.991628, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, 109.752, 7784.42, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 67.7355, 0, 0, 0, 0, 0, 67.7355, 0, 0, 7798.82, 0, 0, 64.6445, -7835.31, -12.292, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, -12.292, 50.8917, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 394.556, 852.482, -0.991628, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -45.1077, 97.4602, 7835.31, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 64.6445, 5.423, -12.292 

 64.6445, -14137.7, -12.292 

 0, 0, 1 

 0, 0, 0 

 0, 0, 141.431 
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 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -14.401, 15583.2, -67.7355, -15.265, 67.7355, 15.265, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 

12.292, -14137.7, 1, 0.0129202, 0, 0, 0, 0, 0.0249557, 0, 0, -0, -0, -0.000128225, -0, 0, 1.77321e-016, -

0.998153, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -109.752, 109.752, -109.752, 109.752, 141.431, 142.431, -77.3982, 77.3982, -

40.071, 40.071, 141.431, 142.431, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE09b, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 77, 76, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130457, 0, 0, 0, 0, 

0.0251293, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196026, 0.0133991, -0.994178, 1, 0, 0, 1358, 705 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -75.1507, 78.1559, -

40.3275, 39.2611, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1358, 705, 0, 281, 607.5, 1639, 1312.5, 0, 0, 0, 1358, 705, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 
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 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 77, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL01iext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 5, 8, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 
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 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 
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 0 

 0 

 0 

 0, 1, 5, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL03iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 48, 18, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 
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 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 48, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL07dext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 12, 31, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 12, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PlantaAlambrico, , NO, 0, 0, NO 

 1, 0, 0, 0, 1, 0, 0, 0, 1, , , NO, NO, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, -42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, 42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, -42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, 42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, 1.04545e-016, -0, -0.997892, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7953.57, 0, -7.10543e-015, 0, 7936.81, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -1.11022e-016, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 1.11022e-016, 0, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.71744, 0, 0, 0, 0, 8.71744, 0, 0, 0, 0, -0.00012573, 0, 396.421, 911.684, -0.992547, 1 

 0.114713, 0, 0, 0, 0, 0.114713, 0, 0, 0, 0, -7953.57, 0, -45.4744, -104.582, 7979.32, 1 

 0.114713, 0, 0, 0, 0, 0.114713, 0, 0, 0, 0, -7953.57, 0, -110.124, -110.124, 7936.81, 1 

 8.71744, 0, 0, 0, 0, 8.71744, 0, 0, 0, 0, -0.00012573, 0, 960, 960, -0.997892, 1 

 8.71744, 0, 0, 0, 0, 8.71744, 0, 0, 0, 0, -0.00012573, 0, 396.421, 911.684, -0.992547, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, -0.95122, -0.0815493, -0.992547, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7953.57, 0, -45.4744, 115.667, 7979.32, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.00012573, 0, 396.421, 1008.32, -0.992547, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.00012573, 0, 960, 960, -0.997892, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7953.57, 0, -110.124, 110.124, 7936.81, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, -0.95122, -0.0815493, -0.992547, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7953.57, 0, 64.6497, 5.5425, 7979.32, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7953.57, 0, -7.10543e-015, 0, 7936.81, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, 1.04545e-016, -0, -0.997892, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, 11.7922, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, -11.7922, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, -42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, 42.5125, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.00012573, 0, 396.421, 1008.32, -0.992547, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7953.57, 0, -45.4744, 115.667, 7979.32, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, 1.04545e-016, -0, -0.997892, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7953.57, 0, -7.10543e-015, 0, 7936.81, 1 

 64.6497, 5.5425, -11.7922 

 64.6497, 5.5425, 14202.1 

 0, 1, 0 

 0, 0, 0 

 -7.10543e-015, 0, 142.139 

 0, 0, 0 

 0, 0, 1 

 0, 1, 0 

 NO, NO, NO, NO, NO, NO, NO 

 -16.7648, 15890.4, -67.965, -13.5317, 67.965, 13.5317, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -

5.5425, -14202.1, 1, 0.0128766, 0, 0, 0, 0, 0.0248714, 0, 0, -0, -0, -0.00012573, -0, 1.82987e-016, 0, -

0.997892, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -110.124, 110.124, -110.124, 110.124, 142.139, 143.139, -77.6604, 77.6604, -

40.2068, 40.2068, 142.139, 143.139, 15, NO, YES, YES, NO, 0, 0, 1, 0, 1, 0, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 
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 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL09iext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 17, 40, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 
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 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 
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 0 

 0 

 0, 1, 17, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosCaballete, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

NodosCaballete : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -

0.0265165, -1.09772, -4.05954, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -2.07854, 

-2.11604, 2.98121, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -

0.0265165, -1.09772, -4.05954, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -2.07854, 

-2.11604, 2.98121, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.130073, 0, 0, 0, 0, 0.130073, 0, 0, 0, 0, -0.000806748, 0, -1.15528e-016, -0, -0.993661, 1 

 7.68802, 0, 0, 0, 0, 7.68802, 0, 0, 0, 0, -1239.54, 0, 8.88178e-016, 0, 1231.69, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.00418487, -0.00200137, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.00418487, 0.00200137, 0, 1 

 0.00167462, 0, 0, 0, 0, 0.00167462, 0, 0, 0, 0, 1, 0, -1.60763, -1.60763, 0, 1 

 597.151, 0, 0, 0, 0, 597.151, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 54.9231, 27.4741, 0.000493955, 0, -54.9231, 27.4741, 0.000493955, 0, 0, 67.2565, -0.000403558, 0, 

955.441, 873.542, -0.990386, 1 

 0.00910364, -0.00910364, 0, 0, 0.0045539, 0.0045539, 0.0111479, 0, 758.947, 758.947, -620.055, 0, -

769.298, -751.902, 608.417, 1 

 0.0128745, 0, 0, 0, 0, 0.0128745, 0, 0, 0, 0, -1239.54, 0, -12.3273, -12.3441, 1231.69, 1 

 77.6729, 0, 0, 0, 0, 77.6729, 0, 0, 0, 0, -0.000806748, 0, 957.501, 958.805, -0.993661, 1 

 54.9231, 27.4741, 0.000493955, 0, -54.9231, 27.4741, 0.000493955, 0, 0, 67.2565, -0.000403558, 0, 

955.441, 873.542, -0.990386, 1 

 0.0919751, 0.0460086, 0.000493955, 0, -0.0919751, 0.0460086, 0.000493955, 0, 0, 0.112629, -0.000403558, 

0, -0.00763394, -0.144785, -0.990386, 1 

 597.151, 0, 0, 0, 0, -597.151, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00910364, -0.00910364, 0, 0, -0.0045539, -0.0045539, -0.0111479, 0, 758.947, 758.947, -620.055, 0, -

760.554, -743.158, 629.821, 1 

 54.9231, -27.4741, 0.000493955, 0, -54.9231, -27.4741, 0.000493955, 0, 0, -67.2565, -0.000403558, 0, 

955.441, 1046.46, -0.990386, 1 

 77.6729, 0, 0, 0, 0, -77.6729, 0, 0, 0, 0, -0.000806748, 0, 957.501, 961.195, -0.993661, 1 

 0.0128745, 0, 0, 0, 0, -0.0128745, 0, 0, 0, 0, -1239.54, 0, -12.3273, 12.3749, 1231.69, 1 

 0.00167462, 0, 0, 0, 0, -0.00167462, 0, 0, 0, 0, 1, 0, -1.60345, 1.60963, 0, 1 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 294 DE 708 

 

 

 0.0919751, 0.0460086, 0.000493955, 0, -0.0919751, 0.0460086, 0.000493955, 0, 0, 0.112629, -0.000403558, 

0, -0.00344907, -0.142783, -0.990386, 1 

 5.43625, -5.43625, 0, 0, 2.71937, 2.71937, 6.65701, 0, 758.947, 758.947, -620.055, 0, -756.215, -756.252, 

619.106, 1 

 597.151, 0, 0, 0, 0, -597.151, 0, 0, 0, 0, 1, 0, 957.501, 961.195, 0, 1 

 7.68802, 0, 0, 0, 0, 7.68802, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 7.68802, 0, 0, 0, 0, 7.68802, 0, 0, 0, 0, -1239.54, 0, 8.88178e-016, 0, 1231.69, 1 

 0.130073, 0, 0, 0, 0, 0.130073, 0, 0, 0, 0, -0.000806748, 0, -1.15528e-016, -0, -0.993661, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0795, 0.117, -1.348, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0795, -0.117, 1.348, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0265165, -1.09772, -4.05954, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0265165, 1.09772, 4.05954, 1 

 77.6729, 0, 0, 0, 0, -77.6729, 0, 0, 0, 0, -0.000806748, 0, 955.441, 1046.46, -0.990386, 1 

 0.0128745, 0, 0, 0, 0, -0.0128745, 0, 0, 0, 0, -1239.54, 0, -12.3008, 13.4726, 1235.75, 1 

 0.130073, 0, 0, 0, 0, 0.130073, 0, 0, 0, 0, -0.000806748, 0, -1.15528e-016, -0, -0.993661, 1 

 7.68802, 0, 0, 0, 0, 7.68802, 0, 0, 0, 0, -1239.54, 0, 8.88178e-016, 0, 1231.69, 1 

 -0.0795, -0.117, 1.348 

 -1032.09, -1032.13, 844.493 

 0, 0, 1 

 0, 0, 0 

 8.88178e-016, 0, 16.8552 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -7.8571, 2471.23, -7.68802, -4.19212, 7.68802, 4.19212, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -0.0264893, -1.0976, -1686.32, 1, 0.114393, 0, 0, 0, 0, 

0.220349, 0, 0, -0, -0, -0.000806748, -0, -0.00368041, -0.00339042, -0.993661, 1, 0, 0, 1358, 705 

 NO, 0.61, 0.61, 4, NO, NO, -12.3273, 12.3917, -12.3441, 12.3749, 16.8552, 17.8552, -8.70961, 8.77396, -

4.52287, 4.55365, 16.8552, 17.8552, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1358, 705, 0, 281, 607.5, 1639, 1312.5, 0, 0, 0, 1358, 705, 0, -1.60345, -1.60563, 1.61182, 

1.60963, 0, -1.60345, -1.60563, 1.61182, 1.60963, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TUPos, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 43, 55, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 43, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=UnionColumnas123Tablero, , NO, 0, 0, NO 

 0.951057, -0.309017, 0, 0.168371, 0.518193, 0.838527, -0.259119, -0.797487, 0.54486, , , NO, NO, NO, 2, 

UnionColumnas123Tablero : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 
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 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.951057, 0.168371, -0.259119, 0, -0.309017, 0.518193, -0.797487, 0, 0, 0.838527, 0.54486, 0, -19.5355, -

6.50737, -3.03965, 1 

 0.951057, -0.309017, 0, 0, 0.168371, 0.518193, 0.838527, 0, -0.259119, -0.797487, 0.54486, 0, 18.8874, -

5.08881, 7.11279, 1 

 0.951057, 0.168371, -0.259119, 0, -0.309017, 0.518193, -0.797487, 0, 0, 0.838527, 0.54486, 0, -19.5355, -

6.50737, -3.03965, 1 

 0.951057, -0.309017, 0, 0, 0.168371, 0.518193, 0.838527, 0, -0.259119, -0.797487, 0.54486, 0, 18.8874, -

5.08881, 7.11279, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0475862, 0, 0, 0, 0, 0.0475862, 0, 0, 0, 0, -0.000331792, 0, -0, -0, -0.994793, 1 

 21.0145, 0, 0, 0, 0, 21.0145, 0, 0, 0, 0, -3013.94, 0, 0, 0, 2998.24, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.03021, -0.02766, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.03021, 0.02766, 0, 1 

 0.00152058, 0, 0, 0, 0, 0.00152058, 0, 0, 0, 0, 1, 0, -1.45975, -1.45975, 0, 1 

 657.645, 0, 0, 0, 0, 657.645, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 29.7632, 5.26914, 8.59736e-005, 0, -9.67063, 16.2168, 0.0002646, 0, 0, 26.2416, -0.00018078, 0, 368.507, 

738.162, -0.993785, 1 

 0.0303902, -0.00987438, 0, 0, 0.00538015, 0.0165584, 0.0267944, 0, 780.969, 2403.57, -1642.17, 0, -

792.86, -2402.07, 1615.5, 1 

 0.0319542, 0, 0, 0, 0, 0.0319542, 0, 0, 0, 0, -3013.94, 0, -31.3108, -30.0947, 2998.24, 1 

 31.2948, 0, 0, 0, 0, 31.2948, 0, 0, 0, 0, -0.000331792, 0, 979.867, 941.81, -0.994793, 1 

 29.7632, 5.26914, 8.59736e-005, 0, -9.67063, 16.2168, 0.0002646, 0, 0, 26.2416, -0.00018078, 0, 368.507, 

738.162, -0.993785, 1 

 0.0452571, 0.00801213, 8.59736e-005, 0, -0.0147049, 0.0246588, 0.0002646, 0, 0, 0.0399023, -0.00018078, 

0, -0.89941, -0.337321, -0.993785, 1 

 657.645, 0, 0, 0, 0, -657.645, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0303902, -0.00987438, 0, 0, -0.00538015, -0.0165584, -0.0267944, 0, 780.969, 2403.57, -1642.17, 0, -

782.53, -2370.28, 1666.95, 1 

 29.7632, -5.26914, 8.59736e-005, 0, -9.67063, -16.2168, 0.0002646, 0, 0, -26.2416, -0.00018078, 0, 

368.507, 1181.84, -0.993785, 1 

 31.2948, 0, 0, 0, 0, -31.2948, 0, 0, 0, 0, -0.000331792, 0, 979.867, 978.19, -0.994793, 1 

 0.0319542, 0, 0, 0, 0, -0.0319542, 0, 0, 0, 0, -3013.94, 0, -31.3108, 31.2573, 2998.24, 1 

 0.00152058, 0, 0, 0, 0, -0.00152058, 0, 0, 0, 0, 1, 0, -1.48996, 1.48741, 0, 1 

 0.0452571, 0.00801213, 8.59736e-005, 0, -0.0147049, 0.0246588, 0.0002646, 0, 0, 0.0399023, -0.00018078, 

0, -0.92962, -0.309661, -0.993785, 1 

 19.986, -6.49384, 0, 0, 3.53823, 10.8896, 17.6212, 0, 780.969, 2403.57, -1642.17, 0, -758.015, -2396.15, 

1640.74, 1 

 657.645, 0, 0, 0, 0, -657.645, 0, 0, 0, 0, 1, 0, 979.867, 978.19, 0, 1 

 21.0145, 0, 0, 0, 0, 21.0145, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 21.0145, 0, 0, 0, 0, 21.0145, 0, 0, 0, 0, -3013.94, 0, 0, 0, 2998.24, 1 

 0.0475862, 0, 0, 0, 0, 0.0475862, 0, 0, 0, 0, -0.000331792, 0, -0, -0, -0.994793, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -22.183, -5.054, -0.183, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 22.183, 5.054, 0.183, 1 

 0.951057, 0.168371, -0.259119, 0, -0.309017, 0.518193, -0.797487, 0, 5.55112e-017, 0.838527, 0.54486, 0, 

0, 0, 0, 1 

 0.951057, -0.309017, 0, 0, 0.168371, 0.518193, 0.838527, 0, -0.259119, -0.797487, 0.54486, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -19.5355, -6.50737, -3.03965, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 19.5355, 6.50737, 3.03965, 1 

 31.2948, 0, 0, 0, 0, -31.2948, 0, 0, 0, 0, -0.000331792, 0, 368.507, 1181.84, -0.993785, 1 

 0.0319542, 0, 0, 0, 0, -0.0319542, 0, 0, 0, 0, -3013.94, 0, -11.7753, 37.7646, 3001.28, 1 

 0.0475862, 0, 0, 0, 0, 0.0475862, 0, 0, 0, 0, -0.000331792, 0, -0, -0, -0.994793, 1 

 21.0145, 0, 0, 0, 0, 21.0145, 0, 0, 0, 0, -3013.94, 0, 0, 0, 2998.24, 1 

 22.183, 5.054, 0.183 

 -1129.04, -3538.05, 2420.91 

 0.168371, 0.518193, 0.838527 

 0, 0, 0 

 1.77636e-015, 0, 44.4284 

 0, 0, 0 
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 -0.259119, -0.797487, 0.54486 

 0.168371, 0.518193, 0.838527 

 NO, NO, NO, NO, NO, NO, NO 

 -15.6934, 6012.18, -21.0145, -12.9279, 21.0145, 12.9279, 0.951057, 0.168371, -0.259119, 0, -0.309017, 

0.518193, -0.797487, 0, 0, 0.838527, 0.54486, 0, -19.5355, -6.50745, -4433.16, 1, 0.0462257, 0, 0, 0, 0, 

0.0892863, 0, 0, -0, -0, -0.000331792, -0, 0.0293463, -0.0518986, -0.994793, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -31.3108, 30.0411, -30.0947, 31.2573, 44.4284, 45.4284, -22.2678, 20.9981, -

10.6187, 11.7812, 44.4284, 45.4284, 15, NO, YES, YES, NO, -0.259119, -0.797487, 0.54486, 0.168371, 

0.518193, 0.838527, 0.4, 50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -

1.48996, -1.43209, 1.42954, 1.48741, 0, -1.65411, -1.52416, 1.53745, 1.6674, 0, 0, 0, 1920, 1920, 0, 0, 0, 

1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE04a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 66, 65, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 
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 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 66, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TerrenoEstratoTb2, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 1, 7 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.114325, 0, 0, 0, 0, 0, 0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, -122.044, 1 

 0.114325, 0, 0, 0, 0, 0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, -109.752, 7784.42, 1 

 8.74697, 0, 0, 0, 0, 8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114325, 0, 0, 0, 0, 0, -0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, 97.4602, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, -8.74697, 0, 0, 394.556, 852.482, -0.991628, 1 
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 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, 109.752, 7784.42, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 67.7355, 0, 0, 0, 0, 0, 67.7355, 0, 0, 7798.82, 0, 0, 64.6445, -7835.31, -12.292, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, -12.292, 50.8917, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 394.556, 852.482, -0.991628, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -45.1077, 97.4602, 7835.31, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 64.6445, 5.423, -12.292 

 64.6445, -14137.7, -12.292 

 0, 0, 1 

 0, 0, 0 

 0, 0, 141.431 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -14.401, 15583.2, -67.7355, -15.265, 67.7355, 15.265, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 

12.292, -14137.7, 1, 0.0129202, 0, 0, 0, 0, 0.0249557, 0, 0, -0, -0, -0.000128225, -0, 0, 1.77321e-016, -

0.998153, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -109.752, 109.752, -109.752, 109.752, 141.431, 142.431, -77.3982, 77.3982, -

40.071, 40.071, 141.431, 142.431, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE10a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 78, 77, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130457, 0, 0, 0, 0, 

0.0251293, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196026, 0.0133991, -0.994178, 1, 0, 0, 1358, 705 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -75.1507, 78.1559, -

40.3275, 39.2611, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1358, 705, 0, 281, 607.5, 1639, 1312.5, 0, 0, 0, 1358, 705, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 78, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL01dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 26, 9, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 
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 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 
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 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 26, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL04dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 49, 21, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 
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 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 
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 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 49, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL07iext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 13, 32, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 
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 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 309 DE 708 

 

 

 0 

 0 

 0, 1, 13, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PlantaVolumen, , NO, 0, 0, NO 

 1, 0, 0, 0, 1, 0, 0, 0, 1, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, -42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, 42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, -42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, 42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, 1.04545e-016, -0, -0.997892, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7953.57, 0, -7.10543e-015, 0, 7936.81, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -1.11022e-016, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 1.11022e-016, 0, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.71744, 0, 0, 0, 0, 8.71744, 0, 0, 0, 0, -0.00012573, 0, 396.421, 911.684, -0.992547, 1 

 0.114713, 0, 0, 0, 0, 0.114713, 0, 0, 0, 0, -7953.57, 0, -45.4744, -104.582, 7979.32, 1 

 0.114713, 0, 0, 0, 0, 0.114713, 0, 0, 0, 0, -7953.57, 0, -110.124, -110.124, 7936.81, 1 

 8.71744, 0, 0, 0, 0, 8.71744, 0, 0, 0, 0, -0.00012573, 0, 960, 960, -0.997892, 1 

 8.71744, 0, 0, 0, 0, 8.71744, 0, 0, 0, 0, -0.00012573, 0, 396.421, 911.684, -0.992547, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, -0.95122, -0.0815493, -0.992547, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7953.57, 0, -45.4744, 115.667, 7979.32, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.00012573, 0, 396.421, 1008.32, -0.992547, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.00012573, 0, 960, 960, -0.997892, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7953.57, 0, -110.124, 110.124, 7936.81, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, -0.95122, -0.0815493, -0.992547, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7953.57, 0, 64.6497, 5.5425, 7979.32, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7953.57, 0, -7.10543e-015, 0, 7936.81, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, 1.04545e-016, -0, -0.997892, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, 11.7922, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, -11.7922, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, -42.5125, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, 42.5125, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.00012573, 0, 396.421, 1008.32, -0.992547, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7953.57, 0, -45.4744, 115.667, 7979.32, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.00012573, 0, 1.04545e-016, -0, -0.997892, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7953.57, 0, -7.10543e-015, 0, 7936.81, 1 

 64.6497, 5.5425, -11.7922 

 64.6497, 5.5425, 14202.1 

 0, 1, 0 

 0, 0, 0 

 -7.10543e-015, 0, 142.139 

 0, 0, 0 

 0, 0, 1 

 0, 1, 0 

 NO, NO, NO, NO, NO, NO, NO 

 -16.7648, 15890.4, -67.965, -13.5317, 67.965, 13.5317, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -

5.5425, -14202.1, 1, 0.0128766, 0, 0, 0, 0, 0.0248714, 0, 0, -0, -0, -0.00012573, -0, 1.82987e-016, 0, -

0.997892, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -110.124, 110.124, -110.124, 110.124, 142.139, 143.139, -77.6604, 77.6604, -

40.2068, 40.2068, 142.139, 143.139, 15, NO, YES, YES, NO, 0, 0, 1, 0, 1, 0, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL09dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 59, 41, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 
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 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 59, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=BarrasCaballete, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

BarrasCaballete : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -

0.0265165, -1.09772, -4.05954, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -2.07854, 

-2.11604, 2.98121, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -

0.0265165, -1.09772, -4.05954, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -2.07854, 

-2.11604, 2.98121, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.130073, 0, 0, 0, 0, 0.130073, 0, 0, 0, 0, -0.000806748, 0, -1.15528e-016, -0, -0.993661, 1 

 7.68802, 0, 0, 0, 0, 7.68802, 0, 0, 0, 0, -1239.54, 0, 8.88178e-016, 0, 1231.69, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.00418487, -0.00200137, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.00418487, 0.00200137, 0, 1 

 0.00167462, 0, 0, 0, 0, 0.00167462, 0, 0, 0, 0, 1, 0, -1.60763, -1.60763, 0, 1 

 597.151, 0, 0, 0, 0, 597.151, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 54.9231, 27.4741, 0.000493955, 0, -54.9231, 27.4741, 0.000493955, 0, 0, 67.2565, -0.000403558, 0, 

955.441, 873.542, -0.990386, 1 

 0.00910364, -0.00910364, 0, 0, 0.0045539, 0.0045539, 0.0111479, 0, 758.947, 758.947, -620.055, 0, -

769.298, -751.902, 608.417, 1 

 0.0128745, 0, 0, 0, 0, 0.0128745, 0, 0, 0, 0, -1239.54, 0, -12.3273, -12.3441, 1231.69, 1 

 77.6729, 0, 0, 0, 0, 77.6729, 0, 0, 0, 0, -0.000806748, 0, 957.501, 958.805, -0.993661, 1 

 54.9231, 27.4741, 0.000493955, 0, -54.9231, 27.4741, 0.000493955, 0, 0, 67.2565, -0.000403558, 0, 

955.441, 873.542, -0.990386, 1 

 0.0919751, 0.0460086, 0.000493955, 0, -0.0919751, 0.0460086, 0.000493955, 0, 0, 0.112629, -0.000403558, 

0, -0.00763394, -0.144785, -0.990386, 1 

 597.151, 0, 0, 0, 0, -597.151, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00910364, -0.00910364, 0, 0, -0.0045539, -0.0045539, -0.0111479, 0, 758.947, 758.947, -620.055, 0, -

760.554, -743.158, 629.821, 1 

 54.9231, -27.4741, 0.000493955, 0, -54.9231, -27.4741, 0.000493955, 0, 0, -67.2565, -0.000403558, 0, 

955.441, 1046.46, -0.990386, 1 

 77.6729, 0, 0, 0, 0, -77.6729, 0, 0, 0, 0, -0.000806748, 0, 957.501, 961.195, -0.993661, 1 

 0.0128745, 0, 0, 0, 0, -0.0128745, 0, 0, 0, 0, -1239.54, 0, -12.3273, 12.3749, 1231.69, 1 

 0.00167462, 0, 0, 0, 0, -0.00167462, 0, 0, 0, 0, 1, 0, -1.60345, 1.60963, 0, 1 

 0.0919751, 0.0460086, 0.000493955, 0, -0.0919751, 0.0460086, 0.000493955, 0, 0, 0.112629, -0.000403558, 

0, -0.00344907, -0.142783, -0.990386, 1 

 5.43625, -5.43625, 0, 0, 2.71937, 2.71937, 6.65701, 0, 758.947, 758.947, -620.055, 0, -756.215, -756.252, 

619.106, 1 

 597.151, 0, 0, 0, 0, -597.151, 0, 0, 0, 0, 1, 0, 957.501, 961.195, 0, 1 

 7.68802, 0, 0, 0, 0, 7.68802, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 7.68802, 0, 0, 0, 0, 7.68802, 0, 0, 0, 0, -1239.54, 0, 8.88178e-016, 0, 1231.69, 1 

 0.130073, 0, 0, 0, 0, 0.130073, 0, 0, 0, 0, -0.000806748, 0, -1.15528e-016, -0, -0.993661, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0795, 0.117, -1.348, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0795, -0.117, 1.348, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0265165, -1.09772, -4.05954, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0265165, 1.09772, 4.05954, 1 

 77.6729, 0, 0, 0, 0, -77.6729, 0, 0, 0, 0, -0.000806748, 0, 955.441, 1046.46, -0.990386, 1 

 0.0128745, 0, 0, 0, 0, -0.0128745, 0, 0, 0, 0, -1239.54, 0, -12.3008, 13.4726, 1235.75, 1 

 0.130073, 0, 0, 0, 0, 0.130073, 0, 0, 0, 0, -0.000806748, 0, -1.15528e-016, -0, -0.993661, 1 

 7.68802, 0, 0, 0, 0, 7.68802, 0, 0, 0, 0, -1239.54, 0, 8.88178e-016, 0, 1231.69, 1 

 -0.0795, -0.117, 1.348 

 -1032.09, -1032.13, 844.493 

 0, 0, 1 

 0, 0, 0 

 8.88178e-016, 0, 16.8552 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -7.8571, 2471.23, -7.68802, -4.19212, 7.68802, 4.19212, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -0.0264893, -1.0976, -1686.32, 1, 0.114393, 0, 0, 0, 0, 

0.220349, 0, 0, -0, -0, -0.000806748, -0, -0.00368041, -0.00339042, -0.993661, 1, 0, 0, 1358, 705 

 NO, 0.61, 0.61, 4, NO, NO, -12.3273, 12.3917, -12.3441, 12.3749, 16.8552, 17.8552, -8.70961, 8.77396, -

4.52287, 4.55365, 16.8552, 17.8552, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1358, 705, 0, 281, 607.5, 1639, 1312.5, 0, 0, 0, 1358, 705, 0, -1.60345, -1.60563, 1.61182, 

1.60963, 0, -1.60345, -1.60563, 1.61182, 1.60963, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 
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 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TUNeg, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 44, 56, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 
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 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 
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 0 

 0, 1, 44, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=UnionColumnas456Tablero, , NO, 0, 0, NO 

 0.788011, -0.615661, 0, 0.391734, 0.501397, 0.771457, -0.474956, -0.607916, 0.636281, , , NO, NO, NO, 2, 

UnionColumnas456Tablero : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.788011, 0.391734, -0.474956, 0, -0.615661, 0.501397, -0.607916, 0, 0, 0.771457, 0.636281, 0, -50.7151, 

-33.4802, 29.9142, 1 

 0.788011, -0.615661, 0, 0, 0.391734, 0.501397, 0.771457, 0, -0.474956, -0.607916, 0.636281, 0, 67.2873, 

3.74886, 6.79467, 1 

 0.788011, 0.391734, -0.474956, 0, -0.615661, 0.501397, -0.607916, 0, 0, 0.771457, 0.636281, 0, -50.7151, 

-33.4802, 29.9142, 1 

 0.788011, -0.615661, 0, 0, 0.391734, 0.501397, 0.771457, 0, -0.474956, -0.607916, 0.636281, 0, 67.2873, 

3.74886, 6.79467, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.053533, 0, 0, 0, 0, 0.053533, 0, 0, 0, 0, -0.000363786, 0, -3.80375e-016, -1.90187e-016, -0.99415, 1 

 18.6801, 0, 0, 0, 0, 18.6801, 0, 0, 0, 0, -2748.87, 0, 7.10543e-015, 3.55271e-015, 2732.79, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.027757, -0.0819014, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.027757, 0.0819014, 0, 1 

 0.00158882, 0, 0, 0, 0, 0.00158882, 0, 0, 0, 0, 1, 0, -1.52527, -1.52527, 0, 1 

 629.397, 0, 0, 0, 0, 629.397, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 26.5509, 13.1989, 0.000172782, 0, -20.7438, 16.8938, 0.000221152, 0, 0, 25.9931, -0.00023147, 0, -

731.302, -219.615, -1.00503, 1 

 0.0233876, -0.0182724, 0, 0, 0.0116264, 0.0148811, 0.0228963, 0, 1305.59, 1671.08, -1749.05, 0, -1264.09, 

-1653.22, 1724.82, 1 

 0.0296793, 0, 0, 0, 0, 0.0296793, 0, 0, 0, 0, -2748.87, 0, -29.0106, -26.9622, 2732.79, 1 

 33.6935, 0, 0, 0, 0, 33.6935, 0, 0, 0, 0, -0.000363786, 0, 977.47, 908.451, -0.99415, 1 

 26.5509, 13.1989, 0.000172782, 0, -20.7438, 16.8938, 0.000221152, 0, 0, 25.9931, -0.00023147, 0, -

731.302, -219.615, -1.00503, 1 

 0.0421846, 0.0209707, 0.000172782, 0, -0.0329582, 0.0268413, 0.000221152, 0, 0, 0.0412984, -0.00023147, 

0, -2.68718, -1.8742, -1.00503, 1 

 629.397, 0, 0, 0, 0, -629.397, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0233876, -0.0182724, 0, 0, -0.0116264, -0.0148811, -0.0228963, 0, 1305.59, 1671.08, -1749.05, 0, -

1241.77, -1624.64, 1768.78, 1 

 26.5509, -13.1989, 0.000172782, 0, -20.7438, -16.8938, 0.000221152, 0, 0, -25.9931, -0.00023147, 0, -

731.302, 2139.62, -1.00503, 1 

 33.6935, 0, 0, 0, 0, -33.6935, 0, 0, 0, 0, -0.000363786, 0, 977.47, 1011.55, -0.99415, 1 

 0.0296793, 0, 0, 0, 0, -0.0296793, 0, 0, 0, 0, -2748.87, 0, -29.0106, 30.022, 2732.79, 1 

 0.00158882, 0, 0, 0, 0, -0.00158882, 0, 0, 0, 0, 1, 0, -1.55303, 1.60717, 0, 1 

 0.0421846, 0.0209707, 0.000172782, 0, -0.0329582, 0.0268413, 0.000221152, 0, 0, 0.0412984, -0.00023147, 

0, -2.71493, -1.7923, -1.00503, 1 
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 14.7201, -11.5006, 0, 0, 7.31762, 9.36612, 14.4109, 0, 1305.59, 1671.08, -1749.05, 0, -1230.67, -1657.56, 

1745.62, 1 

 629.397, 0, 0, 0, 0, -629.397, 0, 0, 0, 0, 1, 0, 977.47, 1011.55, 0, 1 

 18.6801, 0, 0, 0, 0, 18.6801, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 18.6801, 0, 0, 0, 0, 18.6801, 0, 0, 0, 0, -2748.87, 0, 7.10543e-015, 3.55271e-015, 2732.79, 1 

 0.053533, 0, 0, 0, 0, 0.053533, 0, 0, 0, 0, -0.000363786, 0, -3.80375e-016, -1.90187e-016, -0.99415, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -72.6545, -10.6185, 0.3955, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 72.6545, 10.6185, -0.3955, 1 

 0.788011, 0.391734, -0.474956, 0, -0.615661, 0.501397, -0.607916, 0, 8.32667e-017, 0.771457, 0.636281, 0, 

0, 0, 0, 1 

 0.788011, -0.615661, 0, 0, 0.391734, 0.501397, 0.771457, 0, -0.474956, -0.607916, 0.636281, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -50.7151, -33.4802, 29.9142, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 50.7151, 33.4802, -29.9142, 1 

 33.6935, 0, 0, 0, 0, -33.6935, 0, 0, 0, 0, -0.000363786, 0, -731.302, 2139.62, -1.00503, 1 

 0.0296793, 0, 0, 0, 0, -0.0296793, 0, 0, 0, 0, -2748.87, 0, 21.7045, 63.5022, 2702.87, 1 

 0.053533, 0, 0, 0, 0, 0.053533, 0, 0, 0, 0, -0.000363786, 0, -3.80375e-016, -1.90187e-016, -0.99415, 1 

 18.6801, 0, 0, 0, 0, 18.6801, 0, 0, 0, 0, -2748.87, 0, 7.10543e-015, 3.55271e-015, 2732.79, 1 

 72.6545, 10.6185, -0.3955 

 -1767.18, -2344.26, 2464.36 

 0.391734, 0.501397, 0.771457 

 0, 0, 0 

 7.10543e-015, 3.55271e-015, 38.7368 

 0, 0, 0 

 -0.474956, -0.607916, 0.636281 

 0.391734, 0.501397, 0.771457 

 NO, NO, NO, NO, NO, NO, NO 

 -16.0797, 5481.66, -18.6801, -13.1652, 18.6801, 13.1652, 0.788011, 0.391734, -0.474956, 0, -0.615662, 

0.501397, -0.607916, 0, 1.49012e-008, 0.771457, 0.636281, 0, -50.7154, -33.4801, -3832.47, 1, 0.0497689, 

0, 0, 0, 0, 0.0961299, 0, 0, -0, -0, -0.000363786, -0, 0.0258053, -0.147071, -0.99415, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -29.0106, 27.9736, -26.9622, 30.022, 38.7368, 39.7368, -20.6114, 19.5744, -

8.87266, 11.9325, 38.7368, 39.7368, 15, NO, YES, YES, NO, -0.474956, -0.607916, 0.636281, 0.391734, 

0.501397, 0.771457, 0.4, 50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -

1.55303, -1.44337, 1.49751, 1.60717, 0, -1.55303, -1.44337, 1.49751, 1.60717, 0, 0, 0, 1920, 1920, 0, 0, 

0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE05a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 68, 67, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TerrenoEstratoAp, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 1, 8 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.114325, 0, 0, 0, 0, 0, 0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, -122.044, 1 

 0.114325, 0, 0, 0, 0, 0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, -109.752, 7784.42, 1 

 8.74697, 0, 0, 0, 0, 8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114325, 0, 0, 0, 0, 0, -0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, 97.4602, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, -8.74697, 0, 0, 394.556, 852.482, -0.991628, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, 109.752, 7784.42, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 67.7355, 0, 0, 0, 0, 0, 67.7355, 0, 0, 7798.82, 0, 0, 64.6445, -7835.31, -12.292, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, -12.292, 50.8917, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 394.556, 852.482, -0.991628, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -45.1077, 97.4602, 7835.31, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 64.6445, 5.423, -12.292 

 64.6445, -14137.7, -12.292 

 0, 0, 1 

 0, 0, 0 

 0, 0, 141.431 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -14.401, 15583.2, -67.7355, -15.265, 67.7355, 15.265, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 

12.292, -14137.7, 1, 0.0129202, 0, 0, 0, 0, 0.0249557, 0, 0, -0, -0, -0.000128225, -0, 0, 1.77321e-016, -

0.998153, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -109.752, 109.752, -109.752, 109.752, 141.431, 142.431, -77.3982, 77.3982, -

40.071, 40.071, 141.431, 142.431, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 
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 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL01iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 27, 10, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 
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 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 
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 0 

 0 

 0, 1, 27, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL02dext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 6, 11, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 
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 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 6, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL04iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 50, 22, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 50, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL07dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 55, 33, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 
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 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 
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 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 55, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=AlzadoAlambrico, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, NO, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6497, 11.7922, -50.9953, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6497, -50.9953, -11.7922, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6497, 11.7922, -50.9953, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6497, -50.9953, -11.7922, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.000127538, 0, 1.04545e-016, -0, -0.998147, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7840.8, 0, -7.10543e-015, 0, 7826.27, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -1.11022e-016, -7.35673e-009, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 1.11022e-016, 7.35673e-009, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 
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 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.71744, 0, 0, 0, 0, 0, 0.000127538, 0, 0, 8.71744, 0, 0, 396.421, 1062.8, -0.991643, 1 

 0.114713, 0, 0, 0, 0, 0, 0.114713, 0, 0, 7840.8, 0, 0, -45.4744, -7877.27, -121.916, 1 

 0.114713, 0, 0, 0, 0, 0.114713, 0, 0, 0, 0, -7840.8, 0, -110.124, -110.124, 7826.27, 1 

 8.71744, 0, 0, 0, 0, 8.71744, 0, 0, 0, 0, -0.000127538, 0, 960, 960, -0.998147, 1 

 8.71744, 0, 0, 0, 0, 0, 0.000127538, 0, 0, 8.71744, 0, 0, 396.421, 1062.8, -0.991643, 1 

 0.0147135, 0, 0, 0, 0, 0, 0.000127538, 0, 0, 0.0147135, 0, 0, -0.95122, 0.173504, -0.991643, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114713, 0, 0, 0, 0, 0, -0.114713, 0, 0, 7840.8, 0, 0, -45.4744, -7877.27, 98.3319, 1 

 8.71744, 0, 0, 0, 0, 0, 0.000127538, 0, 0, -8.71744, 0, 0, 396.421, 857.202, -0.991643, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.000127538, 0, 960, 960, -0.998147, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7840.8, 0, -110.124, 110.124, 7826.27, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147135, 0, 0, 0, 0, 0, 0.000127538, 0, 0, 0.0147135, 0, 0, -0.95122, 0.173504, -0.991643, 1 

 67.965, 0, 0, 0, 0, 0, 67.965, 0, 0, 7840.8, 0, 0, 64.6497, -7877.27, -11.7922, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7840.8, 0, -7.10543e-015, 0, 7826.27, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.000127538, 0, 1.04545e-016, -0, -0.998147, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, 11.7922, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, -11.7922, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, 11.7922, -50.9953, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, -11.7922, 50.9953, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.000127538, 0, 396.421, 857.202, -0.991643, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7840.8, 0, -45.4744, 98.3319, 7877.27, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.000127538, 0, 1.04545e-016, -0, -0.998147, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7840.8, 0, -7.10543e-015, 0, 7826.27, 1 

 64.6497, 5.5425, -11.7922 

 64.6497, -14208.4, -11.7922 

 0, 0, 1 

 0, 0, 0 

 -7.10543e-015, -8.88178e-016, 142.139 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -14.5317, 15667.1, -67.965, -15.7648, 67.965, 15.7648, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6497, 

11.7922, -14208.4, 1, 0.0128766, 0, 0, 0, 0, 0.0248714, 0, 0, -0, -0, -0.000127538, -0, 1.82987e-016, -

1.24357e-008, -0.998147, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -110.124, 110.124, -110.124, 110.124, 142.139, 143.139, -77.6604, 77.6604, -

40.2068, 40.2068, 142.139, 143.139, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 
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 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL09iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 60, 42, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 
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 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 60, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosColumna123, , NO, 0, 0, NO 

 0.97437, -0.224951, 0, 0.0487462, 0.211143, 0.976239, -0.219606, -0.951218, 0.216697, , , NO, NO, NO, 2, 

NodosColumna1 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.97437, 0.0487462, -0.219606, 0, -0.224951, 0.211143, -0.951218, 0, 0, 0.976239, 0.216697, 0, -21.0129, 

10.1218, -1.7909, 1 

 0.97437, -0.224951, 0, 0, 0.0487462, 0.211143, 0.976239, 0, -0.219606, -0.951218, 0.216697, 0, 19.5876, -

8.56754, -9.49321, 1 

 0.97437, 0.0487462, -0.219606, 0, -0.224951, 0.211143, -0.951218, 0, 0, 0.976239, 0.216697, 0, -21.0129, 

10.1218, -1.7909, 1 

 0.97437, -0.224951, 0, 0, 0.0487462, 0.211143, 0.976239, 0, -0.219606, -0.951218, 0.216697, 0, 19.5876, -

8.56754, -9.49321, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0494639, 0, 0, 0, 0, 0.0494639, 0, 0, 0, 0, -0.000295522, 0, -1.75731e-016, -0, -0.995115, 1 

 20.2168, 0, 0, 0, 0, 20.2168, 0, 0, 0, 0, -3383.85, 0, 3.55271e-015, 0, 3367.32, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0198727, -0.011288, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0198727, 0.011288, 0, 1 

 0.00269631, 0, 0, 0, 0, 0.00269631, 0, 0, 0, 0, 1, 0, -2.58846, -2.58846, 0, 1 

 370.877, 0, 0, 0, 0, 370.877, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 17.8749, 0.894251, 6.48983e-005, 0, -4.12674, 3.87343, 0.000281106, 0, 0, 17.9091, -6.40386e-005, 0, 

581.889, 1141.5, -0.994586, 1 

 0.0531135, -0.0122622, 0, 0, 0.00265718, 0.0115095, 0.0532154, 0, 743.113, 3218.78, -733.269, 0, -

773.816, -3210.76, 669.33, 1 

 0.0545106, 0, 0, 0, 0, 0.0545106, 0, 0, 0, 0, -3383.85, 0, -52.732, -52.102, 3367.32, 1 

 18.345, 0, 0, 0, 0, 18.345, 0, 0, 0, 0, -0.000295522, 0, 967.37, 955.814, -0.995115, 1 

 17.8749, 0.894251, 6.48983e-005, 0, -4.12674, 3.87343, 0.000281106, 0, 0, 17.9091, -6.40386e-005, 0, 

581.889, 1141.5, -0.994586, 1 

 0.0481962, 0.00241118, 6.48983e-005, 0, -0.011127, 0.010444, 0.000281106, 0, 0, 0.0482886, -6.40386e-005, 

0, -1.01951, 0.489376, -0.994586, 1 

 370.877, 0, 0, 0, 0, -370.877, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0531135, -0.0122622, 0, 0, -0.00265718, -0.0115095, -0.0532154, 0, 743.113, 3218.78, -733.269, 0, -

768.714, -3188.66, 771.503, 1 

 17.8749, -0.894251, 6.48983e-005, 0, -4.12674, -3.87343, 0.000281106, 0, 0, -17.9091, -6.40386e-005, 0, 

581.889, 778.502, -0.994586, 1 

 18.345, 0, 0, 0, 0, -18.345, 0, 0, 0, 0, -0.000295522, 0, 967.37, 964.186, -0.995115, 1 

 0.0545106, 0, 0, 0, 0, -0.0545106, 0, 0, 0, 0, -3383.85, 0, -52.732, 52.5584, 3367.32, 1 

 0.00269631, 0, 0, 0, 0, -0.00269631, 0, 0, 0, 0, 1, 0, -2.60833, 2.59974, 0, 1 

 0.0481962, 0.00241118, 6.48983e-005, 0, -0.011127, 0.010444, 0.000281106, 0, 0, 0.0482886, -6.40386e-005, 

0, -1.03938, 0.500663, -0.994586, 1 

 19.6986, -4.54778, 0, 0, 0.98549, 4.26863, 19.7364, 0, 743.113, 3218.78, -733.269, 0, -719.895, -3211.62, 

720.194, 1 

 370.877, 0, 0, 0, 0, -370.877, 0, 0, 0, 0, 1, 0, 967.37, 964.186, 0, 1 

 20.2168, 0, 0, 0, 0, 20.2168, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 20.2168, 0, 0, 0, 0, 20.2168, 0, 0, 0, 0, -3383.85, 0, 3.55271e-015, 0, 3367.32, 1 

 0.0494639, 0, 0, 0, 0, 0.0494639, 0, 0, 0, 0, -0.000295522, 0, -1.75731e-016, -0, -0.995115, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -22.728, -5.035, 12.592, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 22.728, 5.035, -12.592, 1 

 0.97437, 0.0487462, -0.219606, 0, -0.224951, 0.211143, -0.951218, 0, 0, 0.976239, 0.216697, 0, 0, 0, 0, 1 
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 0.97437, -0.224951, 0, 0, 0.0487462, 0.211143, 0.976239, 0, -0.219606, -0.951218, 0.216697, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -21.0129, 10.1218, -1.7909, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 21.0129, -10.1218, 1.7909, 1 

 18.345, 0, 0, 0, 0, -18.345, 0, 0, 0, 0, -0.000295522, 0, 581.889, 778.502, -0.994586, 1 

 0.0545106, 0, 0, 0, 0, -0.0545106, 0, 0, 0, 0, -3383.85, 0, -31.7191, 42.4366, 3369.11, 1 

 0.0494639, 0, 0, 0, 0, 0.0494639, 0, 0, 0, 0, -0.000295522, 0, -1.75731e-016, -0, -0.995115, 1 

 20.2168, 0, 0, 0, 0, 20.2168, 0, 0, 0, 0, -3383.85, 0, 3.55271e-015, 0, 3367.32, 1 

 22.728, 5.035, -12.592 

 -1096.89, -4844.57, 1092.2 

 0.0487462, 0.211143, 0.976239 

 0, 0, 0 

 3.55271e-015, 0, 50.9831 

 0, 0, 0 

 -0.219606, -0.951218, 0.216697 

 0.0487462, 0.211143, 0.976239 

 NO, NO, NO, NO, NO, NO, NO 

 -16.5285, 6751.16, -20.2168, -17.3365, 20.2168, 17.3365, 0.97437, 0.0487462, -0.219606, 0, -0.224951, 

0.211143, -0.951218, 0, 3.72529e-009, 0.976239, 0.216697, 0, -21.0129, 10.1218, -5085.8, 1, 0.0270177, 0, 

0, 0, 0, 0.0520427, 0, 0, -0, -0, -0.000295522, -0, 0.0108547, -0.0118764, -0.995115, 1, 0, 0, 1358, 705 

 NO, 0.61, 0.61, 4, NO, NO, -52.732, 51.9284, -52.102, 52.5584, 50.9831, 51.9831, -37.4145, 36.611, -

18.9868, 19.4432, 50.9831, 51.9831, 15, NO, YES, YES, NO, -0.219606, -0.951218, 0.216697, 0.0487462, 

0.211143, 0.976239, 0.4, 50, 0, 0, 1358, 705, 0, 281, 607.5, 1639, 1312.5, 0, 0, 0, 1358, 705, 0, -

2.60833, -2.57717, 2.56858, 2.59974, 0, -2.60833, -2.57717, 2.56858, 2.59974, 0, 0, 0, 1920, 1920, 0, 0, 

0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TGPosAcero, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 33, 57, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 
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 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 
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 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 33, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=UnionColumnas789Tablero, , NO, 0, 0, NO 

 0.5373, -0.843391, 0, 0.44086, 0.280859, 0.852502, -0.718993, -0.458049, 0.522723, , , NO, NO, NO, 2, 

UnionColumnas789Tablero : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.5373, 0.44086, -0.718993, 0, -0.843391, 0.280859, -0.458049, 0, 0, 0.852502, 0.522723, 0, -55.2588, -

50.4584, 75.7874, 1 

 0.5373, -0.843391, 0, 0, 0.44086, 0.280859, 0.852502, 0, -0.718993, -0.458049, 0.522723, 0, 106.426, 

2.28126, 3.40008, 1 

 0.5373, 0.44086, -0.718993, 0, -0.843391, 0.280859, -0.458049, 0, 0, 0.852502, 0.522723, 0, -55.2588, -

50.4584, 75.7874, 1 

 0.5373, -0.843391, 0, 0, 0.44086, 0.280859, 0.852502, 0, -0.718993, -0.458049, 0.522723, 0, 106.426, 

2.28126, 3.40008, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0597123, 0, 0, 0, 0, 0.0597123, 0, 0, 0, 0, -0.00036416, 0, -2.12141e-016, -0, -0.993548, 1 
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 16.747, 0, 0, 0, 0, 16.747, 0, 0, 0, 0, -2746.05, 0, 3.55271e-015, 0, 2728.33, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0245806, -0.0095497, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0245806, 0.0095497, 0, 1 

 0.00145348, 0, 0, 0, 0, 0.00145348, 0, 0, 0, 0, 1, 0, -1.39534, -1.39534, 0, 1 

 688.003, 0, 0, 0, 0, 688.003, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 22.0735, 18.1115, 0.000261829, 0, -34.6484, 11.5383, 0.000166803, 0, 0, 35.0227, -0.000190355, 0, -

1327.07, -1119.52, -1.02115, 1 

 0.0130786, -0.0205293, 0, 0, 0.0107312, 0.0068365, 0.0207511, 0, 1974.39, 1257.82, -1435.42, 0, -1877.79, 

-1234.58, 1409.78, 1 

 0.0243414, 0, 0, 0, 0, 0.0243414, 0, 0, 0, 0, -2746.05, 0, -22.9561, -23.2078, 2728.33, 1 

 41.0823, 0, 0, 0, 0, 41.0823, 0, 0, 0, 0, -0.00036416, 0, 943.088, 953.43, -0.993548, 1 

 22.0735, 18.1115, 0.000261829, 0, -34.6484, 11.5383, 0.000166803, 0, 0, 35.0227, -0.000190355, 0, -

1327.07, -1119.52, -1.02115, 1 

 0.0320834, 0.0263248, 0.000261829, 0, -0.0503609, 0.0167707, 0.000166803, 0, 0, 0.0509049, -0.000190355, 

0, -3.32421, -3.02254, -1.02115, 1 

 688.003, 0, 0, 0, 0, -688.003, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0130786, -0.0205293, 0, 0, -0.0107312, -0.0068365, -0.0207511, 0, 1974.39, 1257.82, -1435.42, 0, -

1857.19, -1221.46, 1449.62, 1 

 22.0735, -18.1115, 0.000261829, 0, -34.6484, -11.5383, 0.000166803, 0, 0, -35.0227, -0.000190355, 0, -

1327.07, 3039.52, -1.02115, 1 

 41.0823, 0, 0, 0, 0, -41.0823, 0, 0, 0, 0, -0.00036416, 0, 943.088, 966.57, -0.993548, 1 

 0.0243414, 0, 0, 0, 0, -0.0243414, 0, 0, 0, 0, -2746.05, 0, -22.9561, 23.5277, 2728.33, 1 

 0.00145348, 0, 0, 0, 0, -0.00145348, 0, 0, 0, 0, 1, 0, -1.37076, 1.40489, 0, 1 

 0.0320834, 0.0263248, 0.000261829, 0, -0.0503609, 0.0167707, 0.000166803, 0, 0, 0.0509049, -0.000190355, 

0, -3.29963, -3.01299, -1.02115, 1 

 8.99814, -14.1242, 0, 0, 7.38307, 4.70353, 14.2768, 0, 1974.39, 1257.82, -1435.42, 0, -1855.22, -1247.43, 

1429.56, 1 

 688.003, 0, 0, 0, 0, -688.003, 0, 0, 0, 0, 1, 0, 943.088, 966.57, 0, 1 

 16.747, 0, 0, 0, 0, 16.747, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 16.747, 0, 0, 0, 0, 16.747, 0, 0, 0, 0, -2746.05, 0, 3.55271e-015, 0, 2728.33, 1 

 0.0597123, 0, 0, 0, 0, 0.0597123, 0, 0, 0, 0, -0.00036416, 0, -2.12141e-016, -0, -0.993548, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -112.539, -6.1755, 1.044, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 112.539, 6.1755, -1.044, 1 

 0.5373, 0.44086, -0.718993, 0, -0.843391, 0.280859, -0.458049, 0, -2.77556e-017, 0.852502, 0.522723, 0, 

0, 0, 0, 1 

 0.5373, -0.843391, 0, 0, 0.44086, 0.280859, 0.852502, 0, -0.718993, -0.458049, 0.522723, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -55.2588, -50.4584, 75.7874, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 55.2588, 50.4584, -75.7874, 1 

 41.0823, 0, 0, 0, 0, -41.0823, 0, 0, 0, 0, -0.00036416, 0, -1327.07, 3039.52, -1.02115, 1 

 0.0243414, 0, 0, 0, 0, -0.0243414, 0, 0, 0, 0, -2746.05, 0, 32.3027, 73.9861, 2652.54, 1 

 0.0597123, 0, 0, 0, 0, 0.0597123, 0, 0, 0, 0, -0.00036416, 0, -2.12141e-016, -0, -0.993548, 1 

 16.747, 0, 0, 0, 0, 16.747, 0, 0, 0, 0, -2746.05, 0, 3.55271e-015, 0, 2728.33, 1 

 112.539, 6.1755, -1.044 

 -2549.65, -1689.83, 1934.42 

 0.44086, 0.280859, 0.852502 

 0, 0, 0 

 3.55271e-015, 0, 37.0266 

 0, 0, 0 

 -0.718993, -0.458049, 0.522723 

 0.44086, 0.280859, 0.852502 

 NO, NO, NO, NO, NO, NO, NO 

 -17.7171, 5474.38, -16.747, -11.292, 16.747, 11.292, 0.5373, 0.44086, -0.718993, 0, -0.843391, 0.280859, 

-0.458049, 0, -1.49012e-008, 0.852503, 0.522723, 0, -55.2588, -50.4583, -3618.38, 1, 0.0606828, 0, 0, 0, 

0, 0.11721, 0, 0, -0, -0, -0.00036416, -0, -0.0249801, -0.0187453, -0.993548, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -22.9561, 23.7794, -23.2078, 23.5277, 37.0266, 38.0266, -16.0675, 16.8908, -

8.37174, 8.69159, 37.0266, 38.0266, 15, NO, YES, YES, NO, -0.718993, -0.458049, 0.522723, 0.44086, 

0.280859, 0.852502, 0.4, 50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -

1.37076, -1.38579, 1.41992, 1.40489, 0, -1.37076, -1.38579, 1.41992, 1.40489, 0, 0, 0, 1920, 1920, 0, 0, 

0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 
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 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE06a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 70, 69, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 
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 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 
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 0 

 0 

 0 

 0, 1, 70, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TerrenoEstratoTb3, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 1, 9 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.114325, 0, 0, 0, 0, 0, 0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, -122.044, 1 

 0.114325, 0, 0, 0, 0, 0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, -109.752, 7784.42, 1 

 8.74697, 0, 0, 0, 0, 8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114325, 0, 0, 0, 0, 0, -0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, 97.4602, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, -8.74697, 0, 0, 394.556, 852.482, -0.991628, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, 109.752, 7784.42, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 67.7355, 0, 0, 0, 0, 0, 67.7355, 0, 0, 7798.82, 0, 0, 64.6445, -7835.31, -12.292, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 
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 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, -12.292, 50.8917, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 394.556, 852.482, -0.991628, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -45.1077, 97.4602, 7835.31, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 64.6445, 5.423, -12.292 

 64.6445, -14137.7, -12.292 

 0, 0, 1 

 0, 0, 0 

 0, 0, 141.431 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -14.401, 15583.2, -67.7355, -15.265, 67.7355, 15.265, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 

12.292, -14137.7, 1, 0.0129202, 0, 0, 0, 0, 0.0249557, 0, 0, -0, -0, -0.000128225, -0, 0, 1.77321e-016, -

0.998153, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -109.752, 109.752, -109.752, 109.752, 141.431, 142.431, -77.3982, 77.3982, -

40.071, 40.071, 141.431, 142.431, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL02iext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 7, 12, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 
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 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 7, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL05dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 51, 25, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 
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 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 51, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL07iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 56, 34, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 
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 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 
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 0 

 0, 1, 56, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=AlzadoVolumen, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6497, 11.7922, -50.9953, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6497, -50.9953, -11.7922, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6497, 11.7922, -50.9953, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6497, -50.9953, -11.7922, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.000127538, 0, 1.04545e-016, -0, -0.998147, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7840.8, 0, -7.10543e-015, 0, 7826.27, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -1.11022e-016, -7.35673e-009, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 1.11022e-016, 7.35673e-009, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.71744, 0, 0, 0, 0, 0, 0.000127538, 0, 0, 8.71744, 0, 0, 396.421, 1062.8, -0.991643, 1 

 0.114713, 0, 0, 0, 0, 0, 0.114713, 0, 0, 7840.8, 0, 0, -45.4744, -7877.27, -121.916, 1 

 0.114713, 0, 0, 0, 0, 0.114713, 0, 0, 0, 0, -7840.8, 0, -110.124, -110.124, 7826.27, 1 

 8.71744, 0, 0, 0, 0, 8.71744, 0, 0, 0, 0, -0.000127538, 0, 960, 960, -0.998147, 1 

 8.71744, 0, 0, 0, 0, 0, 0.000127538, 0, 0, 8.71744, 0, 0, 396.421, 1062.8, -0.991643, 1 

 0.0147135, 0, 0, 0, 0, 0, 0.000127538, 0, 0, 0.0147135, 0, 0, -0.95122, 0.173504, -0.991643, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114713, 0, 0, 0, 0, 0, -0.114713, 0, 0, 7840.8, 0, 0, -45.4744, -7877.27, 98.3319, 1 

 8.71744, 0, 0, 0, 0, 0, 0.000127538, 0, 0, -8.71744, 0, 0, 396.421, 857.202, -0.991643, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.000127538, 0, 960, 960, -0.998147, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7840.8, 0, -110.124, 110.124, 7826.27, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147135, 0, 0, 0, 0, 0, 0.000127538, 0, 0, 0.0147135, 0, 0, -0.95122, 0.173504, -0.991643, 1 

 67.965, 0, 0, 0, 0, 0, 67.965, 0, 0, 7840.8, 0, 0, 64.6497, -7877.27, -11.7922, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7840.8, 0, -7.10543e-015, 0, 7826.27, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.000127538, 0, 1.04545e-016, -0, -0.998147, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, 11.7922, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, -11.7922, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, 11.7922, -50.9953, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, -11.7922, 50.9953, 1 

 8.71744, 0, 0, 0, 0, -8.71744, 0, 0, 0, 0, -0.000127538, 0, 396.421, 857.202, -0.991643, 1 

 0.114713, 0, 0, 0, 0, -0.114713, 0, 0, 0, 0, -7840.8, 0, -45.4744, 98.3319, 7877.27, 1 

 0.0147135, 0, 0, 0, 0, 0.0147135, 0, 0, 0, 0, -0.000127538, 0, 1.04545e-016, -0, -0.998147, 1 

 67.965, 0, 0, 0, 0, 67.965, 0, 0, 0, 0, -7840.8, 0, -7.10543e-015, 0, 7826.27, 1 

 64.6497, 5.5425, -11.7922 

 64.6497, -14208.4, -11.7922 

 0, 0, 1 

 0, 0, 0 

 -7.10543e-015, -8.88178e-016, 142.139 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -14.5317, 15667.1, -67.965, -15.7648, 67.965, 15.7648, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6497, 

11.7922, -14208.4, 1, 0.0128766, 0, 0, 0, 0, 0.0248714, 0, 0, -0, -0, -0.000127538, -0, 1.82987e-016, -

1.24357e-008, -0.998147, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -110.124, 110.124, -110.124, 110.124, 142.139, 143.139, -77.6604, 77.6604, -

40.2068, 40.2068, 142.139, 143.139, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL10dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 24, 45, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 
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 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 24, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosColumnas456, , NO, 0, 0, NO 

 0.891007, -0.45399, 0, 0.144167, 0.282943, 0.94824, -0.430492, -0.844888, 0.317555, , , NO, NO, NO, 2, 

NodosColumnas456 : Active 2, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.891007, 0.144167, -0.430492, 0, -0.45399, 0.282943, -0.844888, 0, 0, 0.94824, 0.317555, 0, -59.3376, -

3.71807, 31.8238, 1 

 0.891007, -0.45399, 0, 0, 0.144167, 0.282943, 0.94824, 0, -0.430492, -0.844888, 0.317555, 0, 67.1061, 

1.00086, -6.58017, 1 

 0.891007, 0.144167, -0.430492, 0, -0.45399, 0.282943, -0.844888, 0, 0, 0.94824, 0.317555, 0, -59.3376, -

3.71807, 31.8238, 1 

 0.891007, -0.45399, 0, 0, 0.144167, 0.282943, 0.94824, 0, -0.430492, -0.844888, 0.317555, 0, 67.1061, 

1.00086, -6.58017, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0564057, 0, 0, 0, 0, 0.0564057, 0, 0, 0, 0, -0.000328817, 0, -4.00787e-016, -0, -0.994234, 1 

 17.7287, 0, 0, 0, 0, 17.7287, 0, 0, 0, 0, -3041.21, 0, 7.10543e-015, 0, 3023.67, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.00735147, -0.0134466, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.00735147, 0.0134466, 0, 1 

 0.00255772, 0, 0, 0, 0, 0.00255772, 0, 0, 0, 0, 1, 0, -2.45541, -2.45541, 0, 1 

 390.973, 0, 0, 0, 0, 390.973, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 19.6495, 3.17933, 0.000141553, 0, -10.0119, 6.23978, 0.000277813, 0, 0, 20.9117, -0.000104417, 0, -

345.705, 872.748, -1.0047, 1 

 0.0404027, -0.0205862, 0, 0, 0.00653724, 0.0128301, 0.042998, 0, 1309.22, 2569.48, -965.75, 0, -1279.7, -

2546.09, 912.549, 1 

 0.045345, 0, 0, 0, 0, 0.045345, 0, 0, 0, 0, -3041.21, 0, -43.6615, -43.2928, 3023.67, 1 

 22.0531, 0, 0, 0, 0, 22.0531, 0, 0, 0, 0, -0.000328817, 0, 962.874, 954.743, -0.994234, 1 

 19.6495, 3.17933, 0.000141553, 0, -10.0119, 6.23978, 0.000277813, 0, 0, 20.9117, -0.000104417, 0, -

345.705, 872.748, -1.0047, 1 

 0.0502579, 0.00813183, 0.000141553, 0, -0.0256077, 0.0159596, 0.000277813, 0, 0, 0.0534862, -0.000104417, 

0, -3.33963, -0.223167, -1.0047, 1 

 390.973, 0, 0, 0, 0, -390.973, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0404027, -0.0205862, 0, 0, -0.00653724, -0.0128301, -0.042998, 0, 1309.22, 2569.48, -965.75, 0, -

1267.15, -2521.46, 995.105, 1 

 19.6495, -3.17933, 0.000141553, 0, -10.0119, -6.23978, 0.000277813, 0, 0, -20.9117, -0.000104417, 0, -

345.705, 1047.25, -1.0047, 1 

 22.0531, 0, 0, 0, 0, -22.0531, 0, 0, 0, 0, -0.000328817, 0, 962.874, 965.257, -0.994234, 1 

 0.045345, 0, 0, 0, 0, -0.045345, 0, 0, 0, 0, -3041.21, 0, -43.6615, 43.7696, 3023.67, 1 

 0.00255772, 0, 0, 0, 0, -0.00255772, 0, 0, 0, 0, 1, 0, -2.46276, 2.46886, 0, 1 

 0.0502579, 0.00813183, 0.000141553, 0, -0.0256077, 0.0159596, 0.000277813, 0, 0, 0.0534862, -0.000104417, 

0, -3.34698, -0.20972, -1.0047, 1 

 15.7964, -8.04866, 0, 0, 2.55589, 5.01621, 16.8111, 0, 1309.22, 2569.48, -965.75, 0, -1234.56, -2553.66, 

953.601, 1 

 390.973, 0, 0, 0, 0, -390.973, 0, 0, 0, 0, 1, 0, 962.874, 965.257, 0, 1 

 17.7287, 0, 0, 0, 0, 17.7287, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 17.7287, 0, 0, 0, 0, 17.7287, 0, 0, 0, 0, -3041.21, 0, 7.10543e-015, 0, 3023.67, 1 

 0.0564057, 0, 0, 0, 0, 0.0564057, 0, 0, 0, 0, -0.000328817, 0, -4.00787e-016, -0, -0.994234, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -72.0065, -10.6185, 10.195, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 72.0065, 10.6185, -10.195, 1 

 0.891007, 0.144167, -0.430492, 0, -0.45399, 0.282943, -0.844888, 0, 0, 0.94824, 0.317555, 0, 0, 0, 0, 1 

 0.891007, -0.45399, 0, 0, 0.144167, 0.282943, 0.94824, 0, -0.430492, -0.844888, 0.317555, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -59.3376, -3.71807, 31.8238, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 59.3376, 3.71807, -31.8238, 1 

 22.0531, 0, 0, 0, 0, -22.0531, 0, 0, 0, 0, -0.000328817, 0, -345.705, 1047.25, -1.0047, 1 

 0.045345, 0, 0, 0, 0, -0.045345, 0, 0, 0, 0, -3041.21, 0, 15.676, 47.4877, 2991.85, 1 

 0.0564057, 0, 0, 0, 0, 0.0564057, 0, 0, 0, 0, -0.000328817, 0, -4.00787e-016, -0, -0.994234, 1 

 17.7287, 0, 0, 0, 0, 17.7287, 0, 0, 0, 0, -3041.21, 0, 7.10543e-015, 0, 3023.67, 1 

 72.0065, 10.6185, -10.195 

 -1783.94, -3631.88, 1358.85 

 0.144167, 0.282943, 0.94824 

 0, 0, 0 

 7.10543e-015, 8.88178e-016, 43.1122 

 0, 0, 0 

 -0.430492, -0.844888, 0.317555 

 0.144167, 0.282943, 0.94824 

 NO, NO, NO, NO, NO, NO, NO 

 -17.5366, 6064.88, -17.7287, -15.7669, 17.7287, 15.7669, 0.891007, 0.144167, -0.430492, 0, -0.453991, 

0.282943, -0.844888, 0, -7.45058e-009, 0.94824, 0.317554, 0, -59.3375, -3.71802, -4268.02, 1, 0.0325748, 

0, 0, 0, 0, 0.0629191, 0, 0, -0, -0, -0.000328817, -0, 0.00424554, -0.0149994, -0.994234, 1, 0, 0, 1354, 

701 

 NO, 0.61, 0.61, 4, NO, NO, -43.6615, 43.4009, -43.2928, 43.7696, 43.1122, 44.1122, -30.8289, 30.5682, -

15.655, 16.1318, 43.1122, 44.1122, 15, NO, YES, YES, NO, -0.430492, -0.844888, 0.317555, 0.144167, 

0.282943, 0.94824, 0.4, 50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -2.46276, 

-2.44196, 2.44806, 2.46886, 0, -2.46276, -2.44196, 2.44806, 2.46886, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 

1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 
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 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=TGPosAceroConc, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 33, 57, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 352 DE 708 

 

 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 
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 0 

 0, 1, 33, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=ReleasesAlambrico, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

ReleasesAlambrico : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8798, 

-26.1558, 11.7631, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 46.0675, -

13.1595, 16.7639, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8798, 

-26.1558, 11.7631, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 46.0675, -

13.1595, 16.7639, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174817, 0, 0, 0, 0, 0.0174817, 0, 0, 0, 0, -0.000105468, 0, 1.24215e-016, -1.24215e-016, -0.994592, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -9481.56, 0, -7.10543e-015, 7.10543e-015, 9430.28, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0271518, 0.0375395, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0271518, -0.0375395, 0, 1 

 0.00150248, 0, 0, 0, 0, 0.00150248, 0, 0, 0, 0, 1, 0, -1.44238, -1.44238, 0, 1 

 665.568, 0, 0, 0, 0, 665.568, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.22735, 4.11555, 6.45758e-005, 0, -8.22735, 4.11555, 6.45758e-005, 0, 0, 10.0749, -5.2758e-005, 0, 

454.647, 680.657, -0.995833, 1 

 0.0607729, -0.0607729, 0, 0, 0.0304003, 0.0304003, 0.0744199, 0, 5805.36, 5805.36, -4742.94, 0, -5815.09, 

-5759.83, 4660.75, 1 

 0.0859458, 0, 0, 0, 0, 0.0859458, 0, 0, 0, 0, -9481.56, 0, -80.9548, -84.6554, 9430.28, 1 

 11.6352, 0, 0, 0, 0, 11.6352, 0, 0, 0, 0, -0.000105468, 0, 941.929, 984.985, -0.994592, 1 

 8.22735, 4.11555, 6.45758e-005, 0, -8.22735, 4.11555, 6.45758e-005, 0, 0, 10.0749, -5.2758e-005, 0, 

454.647, 680.657, -0.995833, 1 

 0.0123614, 0.00618352, 6.45758e-005, 0, -0.0123614, 0.00618352, 6.45758e-005, 0, 0, 0.0151373, -5.2758e-

005, 0, -0.75928, -0.419707, -0.995833, 1 

 665.568, 0, 0, 0, 0, -665.568, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0607729, -0.0607729, 0, 0, -0.0304003, -0.0304003, -0.0744199, 0, 5805.36, 5805.36, -4742.94, 0, -

5756.72, -5701.46, 4803.64, 1 

 8.22735, -4.11555, 6.45758e-005, 0, -8.22735, -4.11555, 6.45758e-005, 0, 0, -10.0749, -5.2758e-005, 0, 

454.647, 1239.34, -0.995833, 1 

 11.6352, 0, 0, 0, 0, -11.6352, 0, 0, 0, 0, -0.000105468, 0, 941.929, 935.015, -0.994592, 1 

 0.0859458, 0, 0, 0, 0, -0.0859458, 0, 0, 0, 0, -9481.56, 0, -80.9548, 80.3606, 9430.28, 1 

 0.00150248, 0, 0, 0, 0, -0.00150248, 0, 0, 0, 0, 1, 0, -1.41522, 1.40484, 0, 1 

 0.0123614, 0.00618352, 6.45758e-005, 0, -0.0123614, 0.00618352, 6.45758e-005, 0, 0, 0.0151373, -5.2758e-

005, 0, -0.732128, -0.457246, -0.995833, 1 
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 40.4485, -40.4485, 0, 0, 20.2335, 20.2335, 49.5316, 0, 5805.36, 5805.36, -4742.94, 0, -5727.9, -5787.13, 

4734.06, 1 

 665.568, 0, 0, 0, 0, -665.568, 0, 0, 0, 0, 1, 0, 941.929, 935.015, 0, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -9481.56, 0, -7.10543e-015, 7.10543e-015, 9430.28, 1 

 0.0174817, 0, 0, 0, 0, 0.0174817, 0, 0, 0, 0, -0.000105468, 0, 1.24215e-016, -1.24215e-016, -0.994592, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.767, -5.54, -1.4865, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.767, 5.54, 1.4865, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8798, -26.1558, 11.7631, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8798, 26.1558, -11.7631, 1 

 11.6352, 0, 0, 0, 0, -11.6352, 0, 0, 0, 0, -0.000105468, 0, 454.647, 1239.34, -0.995833, 1 

 0.0859458, 0, 0, 0, 0, -0.0859458, 0, 0, 0, 0, -9481.56, 0, -39.075, 106.516, 9418.52, 1 

 0.0174817, 0, 0, 0, 0, 0.0174817, 0, 0, 0, 0, -0.000105468, 0, 1.24215e-016, -1.24215e-016, -0.994592, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -9481.56, 0, -7.10543e-015, 7.10543e-015, 9430.28, 1 

 64.767, 5.54, 1.4865 

 -8375.09, -8434.32, 6896.8 

 0, 0, 1 

 0, 0, 0 

 -7.10543e-015, 3.55271e-015, 137.843 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -51.2751, 18911.8, -57.2028, -29.9016, 57.2028, 29.9016, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8799, -26.1558, -13742, 1, 0.0171865, 0, 0, 0, 0, 

0.0331961, 0, 0, -0, -0, -0.000105468, -0, -0.0266933, 0.0712842, -0.994592, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -80.9548, 84.0611, -84.6554, 80.3606, 137.843, 138.843, -56.6322, 59.7385, -

32.2714, 27.9766, 137.843, 138.843, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.41522, -1.47992, 1.46953, 

1.40484, 0, -1.41522, -1.47992, 1.46953, 1.40484, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE07a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 
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 1, 72, 71, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 356 DE 708 

 

 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 72, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=CargaLastres, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

CargaLastres : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 35, 2, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -6.75499, 

4.86217, 3.15797, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 4.99024, -

4.56276, -5.78983, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -6.75499, 

4.86217, 3.15797, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 4.99024, -

4.56276, -5.78983, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0436404, 0, 0, 0, 0, 0.0436404, 0, 0, 0, 0, -0.000263433, 0, 7.7521e-017, -0, -0.993255, 1 

 22.9145, 0, 0, 0, 0, 22.9145, 0, 0, 0, 0, -3796.03, 0, -1.77636e-015, 0, 3770.42, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0420138, -0.111396, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0420138, 0.111396, 0, 1 

 0.00266215, 0, 0, 0, 0, 0.00266215, 0, 0, 0, 0, 1, 0, -2.55567, -2.55567, 0, 1 

 375.636, 0, 0, 0, 0, 375.636, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.5915, 5.79842, 0.000161295, 0, -11.5915, 5.79842, 0.000161295, 0, 0, 14.1945, -0.000131777, 0, 

865.048, 997.861, -0.994087, 1 

 0.0431349, -0.0431349, 0, 0, 0.0215773, 0.0215773, 0.0528212, 0, 2324.23, 2324.23, -1898.88, 0, -2365.46, 

-2290.84, 1831.78, 1 

 0.0610019, 0, 0, 0, 0, 0.0610019, 0, 0, 0, 0, -3796.03, 0, -59.5246, -56.0093, 3770.42, 1 

 16.3929, 0, 0, 0, 0, 16.3929, 0, 0, 0, 0, -0.000263433, 0, 975.782, 918.156, -0.993255, 1 

 11.5915, 5.79842, 0.000161295, 0, -11.5915, 5.79842, 0.000161295, 0, 0, 14.1945, -0.000131777, 0, 

865.048, 997.861, -0.994087, 1 

 0.0308584, 0.0154363, 0.000161295, 0, -0.0308584, 0.0154363, 0.000161295, 0, 0, 0.037788, -0.000131777, 

0, -0.252777, 0.100791, -0.994087, 1 

 375.636, 0, 0, 0, 0, -375.636, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0431349, -0.0431349, 0, 0, -0.0215773, -0.0215773, -0.0528212, 0, 2324.23, 2324.23, -1898.88, 0, -

2324.04, -2249.41, 1933.2, 1 

 11.5915, -5.79842, 0.000161295, 0, -11.5915, -5.79842, 0.000161295, 0, 0, -14.1945, -0.000131777, 0, 

865.048, 922.139, -0.994087, 1 

 16.3929, 0, 0, 0, 0, -16.3929, 0, 0, 0, 0, -0.000263433, 0, 975.782, 1001.84, -0.993255, 1 

 0.0610019, 0, 0, 0, 0, -0.0610019, 0, 0, 0, 0, -3796.03, 0, -59.5246, 61.1144, 3770.42, 1 

 0.00266215, 0, 0, 0, 0, -0.00266215, 0, 0, 0, 0, 1, 0, -2.59768, 2.66706, 0, 1 

 0.0308584, 0.0154363, 0.000161295, 0, -0.0308584, 0.0154363, 0.000161295, 0, 0, 0.037788, -0.000131777, 

0, -0.294791, 0.212187, -0.994087, 1 

 16.203, -16.203, 0, 0, 8.10521, 8.10521, 19.8415, 0, 2324.23, 2324.23, -1898.88, 0, -2303.56, -2313.12, 

1880.28, 1 

 375.636, 0, 0, 0, 0, -375.636, 0, 0, 0, 0, 1, 0, 975.782, 1001.84, 0, 1 

 22.9145, 0, 0, 0, 0, 22.9145, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 22.9145, 0, 0, 0, 0, 22.9145, 0, 0, 0, 0, -3796.03, 0, -1.77636e-015, 0, 3770.42, 1 

 0.0436404, 0, 0, 0, 0, 0.0436404, 0, 0, 0, 0, -0.000263433, 0, 7.7521e-017, -0, -0.993255, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -13.1735, -3.6205, 12.4755, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 13.1735, 3.6205, -12.4755, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -6.75499, 4.86217, 3.15797, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 6.75499, -4.86217, -3.15797, 1 

 16.3929, 0, 0, 0, 0, -16.3929, 0, 0, 0, 0, -0.000263433, 0, 865.048, 922.139, -0.994087, 1 

 0.0610019, 0, 0, 0, 0, -0.0610019, 0, 0, 0, 0, -3796.03, 0, -52.7696, 56.2523, 3767.27, 1 

 0.0436404, 0, 0, 0, 0, 0.0436404, 0, 0, 0, 0, -0.000263433, 0, 7.7521e-017, -0, -0.993255, 1 

 22.9145, 0, 0, 0, 0, 22.9145, 0, 0, 0, 0, -3796.03, 0, -1.77636e-015, 0, 3770.42, 1 

 13.1735, 3.6205, -12.4755 

 -3051.92, -3061.47, 2491.69 

 0, 0, 1 

 0, 0, 0 

 -1.77636e-015, 0, 50.0604 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 358 DE 708 

 

 

 -25.6041, 7566.45, -19.7021, -22.9145, 19.7021, 22.9145, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -6.75488, 4.86255, -4989.52, 1, 0.0242141, 0, 0, 0, 0, 

0.0467701, 0, 0, -0, -0, -0.000263433, -0, 0.0233115, -0.119385, -0.993255, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -59.5246, 57.5991, -56.0093, 61.1144, 50.0604, 51.0604, -42.261, 40.3356, -

18.8286, 23.9338, 50.0604, 51.0604, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -2.59768, -2.44427, 2.51365, 

2.66706, 0, -2.59768, -2.44427, 2.51365, 2.66706, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 35, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL02dint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 28, 13, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 
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 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 28, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL05iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 52, 26, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 361 DE 708 

 

 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 
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 0 

 0, 1, 52, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL08dext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 14, 35, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 
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 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 14, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosTablero, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

NodosTablero : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 
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 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.7951, 

-26.2882, 11.2592, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 45.7459, -

13.3613, 17.1306, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.7951, 

-26.2882, 11.2592, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 45.7459, -

13.3613, 17.1306, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.017353, 0, 0, 0, 0, 0.017353, 0, 0, 0, 0, -0.000104583, 0, 1.23301e-016, -0, -0.994557, 1 

 57.6269, 0, 0, 0, 0, 57.6269, 0, 0, 0, 0, -9561.81, 0, -7.10543e-015, 0, 9509.77, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0283251, 0.037497, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0283251, -0.037497, 0, 1 

 0.00149823, 0, 0, 0, 0, 0.00149823, 0, 0, 0, 0, 1, 0, -1.4383, -1.4383, 0, 1 

 667.455, 0, 0, 0, 0, 667.455, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.18996, 4.09685, 6.40338e-005, 0, -8.18996, 4.09685, 6.40338e-005, 0, 0, 10.0291, -5.23152e-005, 0, 

457.009, 680.549, -0.995735, 1 

 0.0610504, -0.0610504, 0, 0, 0.0305391, 0.0305391, 0.0747597, 0, 5854.5, 5854.5, -4783.09, 0, -5864.42, -

5808.62, 4700.54, 1 

 0.0863383, 0, 0, 0, 0, 0.0863383, 0, 0, 0, 0, -9561.81, 0, -81.2524, -85.0456, 9509.77, 1 

 11.5824, 0, 0, 0, 0, 11.5824, 0, 0, 0, 0, -0.000104583, 0, 941.094, 985.028, -0.994557, 1 

 8.18996, 4.09685, 6.40338e-005, 0, -8.18996, 4.09685, 6.40338e-005, 0, 0, 10.0291, -5.23152e-005, 0, 

457.009, 680.549, -0.995735, 1 

 0.0122704, 0.00613802, 6.40338e-005, 0, -0.0122704, 0.00613802, 6.40338e-005, 0, 0, 0.0150259, -5.23152e-

005, 0, -0.753596, -0.418682, -0.995735, 1 

 667.455, 0, 0, 0, 0, -667.455, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0610504, -0.0610504, 0, 0, -0.0305391, -0.0305391, -0.0747597, 0, 5854.5, 5854.5, -4783.09, 0, -

5805.79, -5749.99, 4844.08, 1 

 8.18996, -4.09685, 6.40338e-005, 0, -8.18996, -4.09685, 6.40338e-005, 0, 0, -10.0291, -5.23152e-005, 0, 

457.009, 1239.45, -0.995735, 1 

 11.5824, 0, 0, 0, 0, -11.5824, 0, 0, 0, 0, -0.000104583, 0, 941.094, 934.972, -0.994557, 1 

 0.0863383, 0, 0, 0, 0, -0.0863383, 0, 0, 0, 0, -9561.81, 0, -81.2524, 80.7239, 9509.77, 1 

 0.00149823, 0, 0, 0, 0, -0.00149823, 0, 0, 0, 0, 1, 0, -1.40998, 1.4008, 0, 1 

 0.0122704, 0.00613802, 6.40338e-005, 0, -0.0122704, 0.00613802, 6.40338e-005, 0, 0, 0.0150259, -5.23152e-

005, 0, -0.725271, -0.456179, -0.995735, 1 

 40.7483, -40.7483, 0, 0, 20.3835, 20.3835, 49.8987, 0, 5854.5, 5854.5, -4783.09, 0, -5776.89, -5835.99, 

4774.18, 1 

 667.455, 0, 0, 0, 0, -667.455, 0, 0, 0, 0, 1, 0, 941.094, 934.972, 0, 1 

 57.6269, 0, 0, 0, 0, 57.6269, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.6269, 0, 0, 0, 0, 57.6269, 0, 0, 0, 0, -9561.81, 0, -7.10543e-015, 0, 9509.77, 1 

 0.017353, 0, 0, 0, 0, 0.017353, 0, 0, 0, 0, -0.000104583, 0, 1.23301e-016, -0, -0.994557, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6497, -5.5425, -1.6863, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6497, 5.5425, 1.6863, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.7951, -26.2882, 11.2592, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.7951, 26.2882, -11.2592, 1 
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 11.5824, 0, 0, 0, 0, -11.5824, 0, 0, 0, 0, -0.000104583, 0, 457.009, 1239.45, -0.995735, 1 

 0.0863383, 0, 0, 0, 0, -0.0863383, 0, 0, 0, 0, -9561.81, 0, -39.4574, 107.012, 9498.51, 1 

 0.017353, 0, 0, 0, 0, 0.017353, 0, 0, 0, 0, -0.000104583, 0, 1.23301e-016, -0, -0.994557, 1 

 57.6269, 0, 0, 0, 0, 57.6269, 0, 0, 0, 0, -9561.81, 0, -7.10543e-015, 0, 9509.77, 1 

 64.6497, 5.5425, 1.6863 

 -8426.03, -8485.14, 6938.52 

 0, 0, 1 

 0, 0, 0 

 -7.10543e-015, 0, 138.673 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -52.0424, 19071.6, -57.6269, -30.8063, 57.6269, 30.8063, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.7954, -26.2876, -13825.2, 1, 0.0171083, 0, 0, 0, 0, 

0.0330452, 0, 0, -0, -0, -0.000104583, -0, -0.0279257, 0.0714052, -0.994557, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -81.2524, 84.517, -85.0456, 80.7239, 138.673, 139.673, -56.8187, 60.0833, -

32.4224, 28.1007, 138.673, 139.673, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.40998, -1.4758, 1.46663, 

1.4008, 0, -1.40998, -1.4758, 1.46663, 1.4008, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 

0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL10iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 25, 46, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 
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 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 25, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosColumnas789, , NO, 0, 0, NO 

 0.669131, -0.743145, 0, 0.211252, 0.190212, 0.958745, -0.712486, -0.641526, 0.284268, , , NO, NO, NO, 2, 

NodosColumnas789 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.669131, 0.211252, -0.712486, 0, -0.743145, 0.190212, -0.641526, 0, 0, 0.958745, 0.284268, 0, -70.9662, 

-14.5126, 78.2567, 1 

 0.669131, -0.743145, 0, 0, 0.211252, 0.190212, 0.958745, 0, -0.712486, -0.641526, 0.284268, 0, 106.308, 

0.225966, -8.33194, 1 

 0.669131, 0.211252, -0.712486, 0, -0.743145, 0.190212, -0.641526, 0, 0, 0.958745, 0.284268, 0, -70.9662, 

-14.5126, 78.2567, 1 

 0.669131, -0.743145, 0, 0, 0.211252, 0.190212, 0.958745, 0, -0.712486, -0.641526, 0.284268, 0, 106.308, 

0.225966, -8.33194, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0597881, 0, 0, 0, 0, 0.0597881, 0, 0, 0, 0, -0.000330801, 0, 4.2482e-016, 3.18615e-016, -0.993412, 1 

 16.7257, 0, 0, 0, 0, 16.7257, 0, 0, 0, 0, -3022.96, 0, -7.10543e-015, -5.32907e-015, 3003.05, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.064205, 0.00631, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.064205, -0.00631, 0, 1 

 0.00246102, 0, 0, 0, 0, 0.00246102, 0, 0, 0, 0, 1, 0, -2.36258, -2.36258, 0, 1 

 406.335, 0, 0, 0, 0, 406.335, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 16.2558, 5.13216, 0.000235691, 0, -18.0539, 4.62102, 0.000212217, 0, 0, 23.2917, -9.40362e-005, 0, -

790.141, 609.994, -1.0193, 1 

 0.0275431, -0.0305897, 0, 0, 0.00869566, 0.00782961, 0.0394643, 0, 2153.82, 1939.31, -859.331, 0, -

2067.41, -1905.27, 807.351, 1 

 0.0411625, 0, 0, 0, 0, 0.0411625, 0, 0, 0, 0, -3022.96, 0, -38.4421, -39.6215, 3003.05, 1 

 24.294, 0, 0, 0, 0, 24.294, 0, 0, 0, 0, -0.000330801, 0, 933.911, 962.564, -0.993412, 1 

 16.2558, 5.13216, 0.000235691, 0, -18.0539, 4.62102, 0.000212217, 0, 0, 23.2917, -9.40362e-005, 0, -

790.141, 609.994, -1.0193, 1 

 0.040006, 0.0126304, 0.000235691, 0, -0.0444312, 0.0113724, 0.000212217, 0, 0, 0.0573215, -9.40362e-005, 

0, -4.30714, -0.861373, -1.0193, 1 

 406.335, 0, 0, 0, 0, -406.335, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0275431, -0.0305897, 0, 0, -0.00869566, -0.00782961, -0.0394643, 0, 2153.82, 1939.31, -859.331, 0, -

2050.72, -1890.24, 883.123, 1 

 16.2558, -5.13216, 0.000235691, 0, -18.0539, -4.62102, 0.000212217, 0, 0, -23.2917, -9.40362e-005, 0, -

790.141, 1310.01, -1.0193, 1 

 24.294, 0, 0, 0, 0, -24.294, 0, 0, 0, 0, -0.000330801, 0, 933.911, 957.436, -0.993412, 1 

 0.0411625, 0, 0, 0, 0, -0.0411625, 0, 0, 0, 0, -3022.96, 0, -38.4421, 39.4104, 3003.05, 1 

 0.00246102, 0, 0, 0, 0, -0.00246102, 0, 0, 0, 0, 1, 0, -2.29838, 2.35627, 0, 1 

 0.040006, 0.0126304, 0.000235691, 0, -0.0444312, 0.0113724, 0.000212217, 0, 0, 0.0573215, -9.40362e-005, 

0, -4.24293, -0.867683, -1.0193, 1 

 11.1917, -12.4297, 0, 0, 3.53335, 3.18144, 16.0357, 0, 2153.82, 1939.31, -859.331, 0, -2033.32, -1926.31, 

845.338, 1 

 406.335, 0, 0, 0, 0, -406.335, 0, 0, 0, 0, 1, 0, 933.911, 957.436, 0, 1 

 16.7257, 0, 0, 0, 0, 16.7257, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 16.7257, 0, 0, 0, 0, 16.7257, 0, 0, 0, 0, -3022.96, 0, -7.10543e-015, -5.32907e-015, 3003.05, 1 

 0.0597881, 0, 0, 0, 0, 0.0597881, 0, 0, 0, 0, -0.000330801, 0, 4.2482e-016, 3.18615e-016, -0.993412, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -112.897, -6.158, 10.9605, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 112.897, 6.158, -10.9605, 1 

 0.669131, 0.211252, -0.712486, 0, -0.743145, 0.190212, -0.641526, 0, -2.77556e-017, 0.958745, 0.284268, 

0, 0, 0, 0, 1 

 0.669131, -0.743145, 0, 0, 0.211252, 0.190212, 0.958745, 0, -0.712486, -0.641526, 0.284268, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -70.9662, -14.5126, 78.2567, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 70.9662, 14.5126, -78.2567, 1 

 24.294, 0, 0, 0, 0, -24.294, 0, 0, 0, 0, -0.000330801, 0, -790.141, 1310.01, -1.0193, 1 

 0.0411625, 0, 0, 0, 0, -0.0411625, 0, 0, 0, 0, -3022.96, 0, 32.5241, 53.9231, 2924.79, 1 

 0.0597881, 0, 0, 0, 0, 0.0597881, 0, 0, 0, 0, -0.000330801, 0, 4.2482e-016, 3.18615e-016, -0.993412, 1 

 16.7257, 0, 0, 0, 0, 16.7257, 0, 0, 0, 0, -3022.96, 0, -7.10543e-015, -5.32907e-015, 3003.05, 1 

 112.897, 6.158, -10.9605 

 -2761.61, -2582.06, 1135.91 

 0.211252, 0.190212, 0.958745 

 0, 0, 0 

 -3.55271e-015, -1.77636e-015, 40.3447 

 0, 0, 0 

 -0.712486, -0.641526, 0.284268 

 0.211252, 0.190212, 0.958745 

 NO, NO, NO, NO, NO, NO, NO 

 -19.9154, 6026.01, -16.7257, -15.1278, 16.7257, 15.1278, 0.669131, 0.211252, -0.712486, 0, -0.743145, 

0.190212, -0.641526, 0, 0, 0.958745, 0.284268, 0, -70.9661, -14.5125, -3946.97, 1, 0.0357791, 0, 0, 0, 0, 

0.0689191, 0, 0, -0, -0, -0.000330801, -0, -0.0384223, 0.00727368, -0.993412, 1, 0, 0, 1358, 705 

 NO, 0.61, 0.61, 4, NO, NO, -38.4421, 40.5898, -39.6215, 39.4104, 40.3447, 41.3447, -26.8754, 29.0232, -

14.6153, 14.4042, 40.3447, 41.3447, 15, NO, YES, YES, NO, -0.712486, -0.641526, 0.284268, 0.211252, 

0.190212, 0.958745, 0.4, 50, 0, 0, 1358, 705, 0, 281, 607.5, 1639, 1312.5, 0, 0, 0, 1358, 705, 0, -

2.29838, -2.36889, 2.42679, 2.35627, 0, -2.35996, -2.37878, 2.3653, 2.34649, 0, 0, 0, 1920, 1920, 0, 0, 0, 

1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 
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 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE01a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 36, 59, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 
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 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 
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 0 

 0, 1, 36, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=ReleasesVolumen, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, YES, NO, 2, 

ReleasesVolumen : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8798, 

-26.1558, 11.7631, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 46.0675, -

13.1595, 16.7639, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8798, 

-26.1558, 11.7631, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 46.0675, -

13.1595, 16.7639, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174817, 0, 0, 0, 0, 0.0174817, 0, 0, 0, 0, -0.000105468, 0, 1.24215e-016, -1.24215e-016, -0.994592, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -9481.56, 0, -7.10543e-015, 7.10543e-015, 9430.28, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0271518, 0.0375395, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0271518, -0.0375395, 0, 1 

 0.00150248, 0, 0, 0, 0, 0.00150248, 0, 0, 0, 0, 1, 0, -1.44238, -1.44238, 0, 1 

 665.568, 0, 0, 0, 0, 665.568, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.22735, 4.11555, 6.45758e-005, 0, -8.22735, 4.11555, 6.45758e-005, 0, 0, 10.0749, -5.2758e-005, 0, 

454.647, 680.657, -0.995833, 1 

 0.0607729, -0.0607729, 0, 0, 0.0304003, 0.0304003, 0.0744199, 0, 5805.36, 5805.36, -4742.94, 0, -5815.09, 

-5759.83, 4660.75, 1 

 0.0859458, 0, 0, 0, 0, 0.0859458, 0, 0, 0, 0, -9481.56, 0, -80.9548, -84.6554, 9430.28, 1 

 11.6352, 0, 0, 0, 0, 11.6352, 0, 0, 0, 0, -0.000105468, 0, 941.929, 984.985, -0.994592, 1 

 8.22735, 4.11555, 6.45758e-005, 0, -8.22735, 4.11555, 6.45758e-005, 0, 0, 10.0749, -5.2758e-005, 0, 

454.647, 680.657, -0.995833, 1 

 0.0123614, 0.00618352, 6.45758e-005, 0, -0.0123614, 0.00618352, 6.45758e-005, 0, 0, 0.0151373, -5.2758e-

005, 0, -0.75928, -0.419707, -0.995833, 1 

 665.568, 0, 0, 0, 0, -665.568, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0607729, -0.0607729, 0, 0, -0.0304003, -0.0304003, -0.0744199, 0, 5805.36, 5805.36, -4742.94, 0, -

5756.72, -5701.46, 4803.64, 1 

 8.22735, -4.11555, 6.45758e-005, 0, -8.22735, -4.11555, 6.45758e-005, 0, 0, -10.0749, -5.2758e-005, 0, 

454.647, 1239.34, -0.995833, 1 

 11.6352, 0, 0, 0, 0, -11.6352, 0, 0, 0, 0, -0.000105468, 0, 941.929, 935.015, -0.994592, 1 

 0.0859458, 0, 0, 0, 0, -0.0859458, 0, 0, 0, 0, -9481.56, 0, -80.9548, 80.3606, 9430.28, 1 

 0.00150248, 0, 0, 0, 0, -0.00150248, 0, 0, 0, 0, 1, 0, -1.41522, 1.40484, 0, 1 

 0.0123614, 0.00618352, 6.45758e-005, 0, -0.0123614, 0.00618352, 6.45758e-005, 0, 0, 0.0151373, -5.2758e-

005, 0, -0.732128, -0.457246, -0.995833, 1 
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 40.4485, -40.4485, 0, 0, 20.2335, 20.2335, 49.5316, 0, 5805.36, 5805.36, -4742.94, 0, -5727.9, -5787.13, 

4734.06, 1 

 665.568, 0, 0, 0, 0, -665.568, 0, 0, 0, 0, 1, 0, 941.929, 935.015, 0, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -9481.56, 0, -7.10543e-015, 7.10543e-015, 9430.28, 1 

 0.0174817, 0, 0, 0, 0, 0.0174817, 0, 0, 0, 0, -0.000105468, 0, 1.24215e-016, -1.24215e-016, -0.994592, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.767, -5.54, -1.4865, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.767, 5.54, 1.4865, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8798, -26.1558, 11.7631, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8798, 26.1558, -11.7631, 1 

 11.6352, 0, 0, 0, 0, -11.6352, 0, 0, 0, 0, -0.000105468, 0, 454.647, 1239.34, -0.995833, 1 

 0.0859458, 0, 0, 0, 0, -0.0859458, 0, 0, 0, 0, -9481.56, 0, -39.075, 106.516, 9418.52, 1 

 0.0174817, 0, 0, 0, 0, 0.0174817, 0, 0, 0, 0, -0.000105468, 0, 1.24215e-016, -1.24215e-016, -0.994592, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -9481.56, 0, -7.10543e-015, 7.10543e-015, 9430.28, 1 

 64.767, 5.54, 1.4865 

 -8375.09, -8434.32, 6896.8 

 0, 0, 1 

 0, 0, 0 

 -7.10543e-015, 3.55271e-015, 137.843 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -51.2751, 18911.8, -57.2028, -29.9016, 57.2028, 29.9016, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8799, -26.1558, -13742, 1, 0.0171865, 0, 0, 0, 0, 

0.0331961, 0, 0, -0, -0, -0.000105468, -0, -0.0266933, 0.0712842, -0.994592, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -80.9548, 84.0611, -84.6554, 80.3606, 137.843, 138.843, -56.6322, 59.7385, -

32.2714, 27.9766, 137.843, 138.843, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.41522, -1.47992, 1.46953, 

1.40484, 0, -1.41522, -1.47992, 1.46953, 1.40484, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE07b, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 
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 1, 73, 72, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 
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 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 73, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=CargaBarand, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 2, 3, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 
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 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 2, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL02iint, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 46, 14, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 
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 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 46, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL06dext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 21, 27, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 
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 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 
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 0 

 0, 1, 21, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL08iext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 15, 36, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 
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 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 15, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=BarrasPpalesTablero, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

BarrasPpalesTablero : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 
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 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8798, 

-26.1558, 11.7631, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 46.0675, -

13.1595, 16.7639, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8798, 

-26.1558, 11.7631, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 46.0675, -

13.1595, 16.7639, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174817, 0, 0, 0, 0, 0.0174817, 0, 0, 0, 0, -0.000105468, 0, 1.24215e-016, -1.24215e-016, -0.994592, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -9481.56, 0, -7.10543e-015, 7.10543e-015, 9430.28, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0271518, 0.0375395, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0271518, -0.0375395, 0, 1 

 0.00150248, 0, 0, 0, 0, 0.00150248, 0, 0, 0, 0, 1, 0, -1.44238, -1.44238, 0, 1 

 665.568, 0, 0, 0, 0, 665.568, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.22735, 4.11555, 6.45758e-005, 0, -8.22735, 4.11555, 6.45758e-005, 0, 0, 10.0749, -5.2758e-005, 0, 

454.647, 680.657, -0.995833, 1 

 0.0607729, -0.0607729, 0, 0, 0.0304003, 0.0304003, 0.0744199, 0, 5805.36, 5805.36, -4742.94, 0, -5815.09, 

-5759.83, 4660.75, 1 

 0.0859458, 0, 0, 0, 0, 0.0859458, 0, 0, 0, 0, -9481.56, 0, -80.9548, -84.6554, 9430.28, 1 

 11.6352, 0, 0, 0, 0, 11.6352, 0, 0, 0, 0, -0.000105468, 0, 941.929, 984.985, -0.994592, 1 

 8.22735, 4.11555, 6.45758e-005, 0, -8.22735, 4.11555, 6.45758e-005, 0, 0, 10.0749, -5.2758e-005, 0, 

454.647, 680.657, -0.995833, 1 

 0.0123614, 0.00618352, 6.45758e-005, 0, -0.0123614, 0.00618352, 6.45758e-005, 0, 0, 0.0151373, -5.2758e-

005, 0, -0.75928, -0.419707, -0.995833, 1 

 665.568, 0, 0, 0, 0, -665.568, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0607729, -0.0607729, 0, 0, -0.0304003, -0.0304003, -0.0744199, 0, 5805.36, 5805.36, -4742.94, 0, -

5756.72, -5701.46, 4803.64, 1 

 8.22735, -4.11555, 6.45758e-005, 0, -8.22735, -4.11555, 6.45758e-005, 0, 0, -10.0749, -5.2758e-005, 0, 

454.647, 1239.34, -0.995833, 1 

 11.6352, 0, 0, 0, 0, -11.6352, 0, 0, 0, 0, -0.000105468, 0, 941.929, 935.015, -0.994592, 1 

 0.0859458, 0, 0, 0, 0, -0.0859458, 0, 0, 0, 0, -9481.56, 0, -80.9548, 80.3606, 9430.28, 1 

 0.00150248, 0, 0, 0, 0, -0.00150248, 0, 0, 0, 0, 1, 0, -1.41522, 1.40484, 0, 1 

 0.0123614, 0.00618352, 6.45758e-005, 0, -0.0123614, 0.00618352, 6.45758e-005, 0, 0, 0.0151373, -5.2758e-

005, 0, -0.732128, -0.457246, -0.995833, 1 

 40.4485, -40.4485, 0, 0, 20.2335, 20.2335, 49.5316, 0, 5805.36, 5805.36, -4742.94, 0, -5727.9, -5787.13, 

4734.06, 1 

 665.568, 0, 0, 0, 0, -665.568, 0, 0, 0, 0, 1, 0, 941.929, 935.015, 0, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -9481.56, 0, -7.10543e-015, 7.10543e-015, 9430.28, 1 

 0.0174817, 0, 0, 0, 0, 0.0174817, 0, 0, 0, 0, -0.000105468, 0, 1.24215e-016, -1.24215e-016, -0.994592, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.767, -5.54, -1.4865, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.767, 5.54, 1.4865, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8798, -26.1558, 11.7631, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8798, 26.1558, -11.7631, 1 
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 11.6352, 0, 0, 0, 0, -11.6352, 0, 0, 0, 0, -0.000105468, 0, 454.647, 1239.34, -0.995833, 1 

 0.0859458, 0, 0, 0, 0, -0.0859458, 0, 0, 0, 0, -9481.56, 0, -39.075, 106.516, 9418.52, 1 

 0.0174817, 0, 0, 0, 0, 0.0174817, 0, 0, 0, 0, -0.000105468, 0, 1.24215e-016, -1.24215e-016, -0.994592, 1 

 57.2028, 0, 0, 0, 0, 57.2028, 0, 0, 0, 0, -9481.56, 0, -7.10543e-015, 7.10543e-015, 9430.28, 1 

 64.767, 5.54, 1.4865 

 -8375.09, -8434.32, 6896.8 

 0, 0, 1 

 0, 0, 0 

 -7.10543e-015, 3.55271e-015, 137.843 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -51.2751, 18911.8, -57.2028, -29.9016, 57.2028, 29.9016, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8799, -26.1558, -13742, 1, 0.0171865, 0, 0, 0, 0, 

0.0331961, 0, 0, -0, -0, -0.000105468, -0, -0.0266933, 0.0712842, -0.994592, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -80.9548, 84.0611, -84.6554, 80.3606, 137.843, 138.843, -56.6322, 59.7385, -

32.2714, 27.9766, 137.843, 138.843, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.41522, -1.47992, 1.46953, 

1.40484, 0, -1.41522, -1.47992, 1.46953, 1.40484, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=WSXPos, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 29, 47, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 385 DE 708 

 

 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 29, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=NodosColumna123SP, , NO, 0, 0, NO 

 0.97437, -0.224951, 0, 0.0487462, 0.211143, 0.976239, -0.219606, -0.951218, 0.216697, , , NO, NO, NO, 2, 

NodosColumna123SP : Active 2, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.97437, 0.0487462, -0.219606, 0, -0.224951, 0.211143, -0.951218, 0, 0, 0.976239, 0.216697, 0, -21.0129, 

-0.616835, -0.7303, 1 

 0.97437, -0.224951, 0, 0, 0.0487462, 0.211143, 0.976239, 0, -0.219606, -0.951218, 0.216697, 0, 20.344, -

5.2913, 0.760432, 1 

 0.97437, 0.0487462, -0.219606, 0, -0.224951, 0.211143, -0.951218, 0, 0, 0.976239, 0.216697, 0, -21.0129, 

-0.616835, -0.7303, 1 

 0.97437, -0.224951, 0, 0, 0.0487462, 0.211143, 0.976239, 0, -0.219606, -0.951218, 0.216697, 0, 20.344, -

5.2913, 0.760432, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0494639, 0, 0, 0, 0, 0.0494639, 0, 0, 0, 0, -0.000355149, 0, -1.75731e-016, -0, -0.994976, 1 

 20.2168, 0, 0, 0, 0, 20.2168, 0, 0, 0, 0, -2815.72, 0, 3.55271e-015, 0, 2801.57, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0198727, -0.011288, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0198727, 0.011288, 0, 1 

 0.0015092, 0, 0, 0, 0, 0.0015092, 0, 0, 0, 0, 1, 0, -1.44883, -1.44883, 0, 1 

 662.603, 0, 0, 0, 0, 662.603, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 31.9349, 1.59765, 7.79929e-005, 0, -7.37276, 6.92019, 0.000337824, 0, 0, 31.9962, -7.69597e-005, 0, 

284.473, 932.304, -0.994717, 1 

 0.0297291, -0.00686351, 0, 0, 0.0014873, 0.00644221, 0.0297861, 0, 618.349, 2678.36, -610.157, 0, -

625.246, -2669.66, 579.481, 1 

 0.0305111, 0, 0, 0, 0, 0.0305111, 0, 0, 0, 0, -2815.72, 0, -29.6924, -29.0625, 2801.57, 1 

 32.7749, 0, 0, 0, 0, 32.7749, 0, 0, 0, 0, -0.000355149, 0, 973.168, 952.521, -0.994976, 1 

 31.9349, 1.59765, 7.79929e-005, 0, -7.37276, 6.92019, 0.000337824, 0, 0, 31.9962, -7.69597e-005, 0, 

284.473, 932.304, -0.994717, 1 

 0.0481962, 0.00241118, 7.79929e-005, 0, -0.011127, 0.010444, 0.000337824, 0, 0, 0.0482886, -7.69597e-005, 

0, -1.01951, -0.041799, -0.994717, 1 

 662.603, 0, 0, 0, 0, -662.603, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0297291, -0.00686351, 0, 0, -0.0014873, -0.00644221, -0.0297861, 0, 618.349, 2678.36, -610.157, 0, -

622.391, -2657.29, 636.67, 1 

 31.9349, -1.59765, 7.79929e-005, 0, -7.37276, -6.92019, 0.000337824, 0, 0, -31.9962, -7.69597e-005, 0, 

284.473, 987.696, -0.994717, 1 

 32.7749, 0, 0, 0, 0, -32.7749, 0, 0, 0, 0, -0.000355149, 0, 973.168, 967.479, -0.994976, 1 

 0.0305111, 0, 0, 0, 0, -0.0305111, 0, 0, 0, 0, -2815.72, 0, -29.6924, 29.5189, 2801.57, 1 

 0.0015092, 0, 0, 0, 0, -0.0015092, 0, 0, 0, 0, 1, 0, -1.4687, 1.46012, 0, 1 

 0.0481962, 0.00241118, 7.79929e-005, 0, -0.011127, 0.010444, 0.000337824, 0, 0, 0.0482886, -7.69597e-005, 

0, -1.03938, -0.0305111, -0.994717, 1 

 19.6986, -4.54778, 0, 0, 0.98549, 4.26863, 19.7364, 0, 618.349, 2678.36, -610.157, 0, -594.898, -2670.2, 

607.852, 1 

 662.603, 0, 0, 0, 0, -662.603, 0, 0, 0, 0, 1, 0, 973.168, 967.479, 0, 1 

 20.2168, 0, 0, 0, 0, 20.2168, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 20.2168, 0, 0, 0, 0, 20.2168, 0, 0, 0, 0, -2815.72, 0, 3.55271e-015, 0, 2801.57, 1 

 0.0494639, 0, 0, 0, 0, 0.0494639, 0, 0, 0, 0, -0.000355149, 0, -1.75731e-016, -0, -0.994976, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -22.728, -5.035, 1.592, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 22.728, 5.035, -1.592, 1 

 0.97437, 0.0487462, -0.219606, 0, -0.224951, 0.211143, -0.951218, 0, 0, 0.976239, 0.216697, 0, 0, 0, 0, 1 

 0.97437, -0.224951, 0, 0, 0.0487462, 0.211143, 0.976239, 0, -0.219606, -0.951218, 0.216697, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -21.0129, -0.616835, -0.7303, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 21.0129, 0.616835, 0.7303, 1 

 32.7749, 0, 0, 0, 0, -32.7749, 0, 0, 0, 0, -0.000355149, 0, 284.473, 987.696, -0.994717, 1 

 0.0305111, 0, 0, 0, 0, -0.0305111, 0, 0, 0, 0, -2815.72, 0, -8.67959, 30.1357, 2802.3, 1 

 0.0494639, 0, 0, 0, 0, 0.0494639, 0, 0, 0, 0, -0.000355149, 0, -1.75731e-016, -0, -0.994976, 1 

 20.2168, 0, 0, 0, 0, 20.2168, 0, 0, 0, 0, -2815.72, 0, 3.55271e-015, 0, 2801.57, 1 

 22.728, 5.035, -1.592 

 -900.233, -3992.75, 909.143 

 0.0487462, 0.211143, 0.976239 

 0, 0, 0 

 3.55271e-015, -4.44089e-016, 42.0281 

 0, 0, 0 

 -0.219606, -0.951218, 0.216697 

 0.0487462, 0.211143, 0.976239 

 NO, NO, NO, NO, NO, NO, NO 

 -14.1449, 5617.29, -20.2168, -6.59785, 20.2168, 6.59785, 0.97437, 0.0487462, -0.219606, 0, -0.224951, 

0.211143, -0.951218, 0, 3.72529e-009, 0.976239, 0.216697, 0, -21.0129, -0.61676, -4192.68, 1, 0.048412, 0, 

0, 0, 0, 0.0935091, 0, 0, -0, -0, -0.000355149, -0, 0.0194501, -0.0213393, -0.994976, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -29.6924, 28.8889, -29.0625, 29.5189, 42.0281, 43.0281, -21.0578, 20.2543, -

10.4659, 10.9224, 42.0281, 43.0281, 15, NO, YES, YES, NO, -0.219606, -0.951218, 0.216697, 0.0487462, 

0.211143, 0.976239, 0.4, 50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.4687, 

-1.43754, 1.42896, 1.46012, 0, -1.4687, -1.43754, 1.42896, 1.46012, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 

1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 
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 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE02a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 62, 61, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 
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 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 
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 0 

 0, 1, 62, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=ApoyosRigidos, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, NO, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 12.292, -50.8917, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 64.6445, -50.8917, -12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.00168782, 0, 0, 0, 0, 0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, -1.62031, 0, 1 

 592.481, 0, 0, 0, 0, 592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.114325, 0, 0, 0, 0, 0, 0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, -122.044, 1 

 0.114325, 0, 0, 0, 0, 0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, -109.752, 7784.42, 1 

 8.74697, 0, 0, 0, 0, 8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 8.74697, 0, 0, 394.556, 1067.52, -0.991628, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.114325, 0, 0, 0, 0, 0, -0.114325, 0, 0, 7798.82, 0, 0, -45.1077, -7835.31, 97.4602, 1 

 8.74697, 0, 0, 0, 0, 0, 0.000128225, 0, 0, -8.74697, 0, 0, 394.556, 852.482, -0.991628, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 960, 960, -0.998153, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -109.752, 109.752, 7784.42, 1 

 0.00168782, 0, 0, 0, 0, -0.00168782, 0, 0, 0, 0, 1, 0, -1.62031, 1.62031, 0, 1 

 0.0147633, 0, 0, 0, 0, 0, 0.000128225, 0, 0, 0.0147633, 0, 0, -0.954367, 0.181471, -0.991628, 1 

 67.7355, 0, 0, 0, 0, 0, 67.7355, 0, 0, 7798.82, 0, 0, 64.6445, -7835.31, -12.292, 1 

 592.481, 0, 0, 0, 0, -592.481, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, 12.292, -50.8917, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, -12.292, 50.8917, 1 

 8.74697, 0, 0, 0, 0, -8.74697, 0, 0, 0, 0, -0.000128225, 0, 394.556, 852.482, -0.991628, 1 

 0.114325, 0, 0, 0, 0, -0.114325, 0, 0, 0, 0, -7798.82, 0, -45.1077, 97.4602, 7835.31, 1 

 0.0147633, 0, 0, 0, 0, 0.0147633, 0, 0, 0, 0, -0.000128225, 0, -0, -0, -0.998153, 1 

 67.7355, 0, 0, 0, 0, 67.7355, 0, 0, 0, 0, -7798.82, 0, 0, 0, 7784.42, 1 

 64.6445, 5.423, -12.292 

 64.6445, -14137.7, -12.292 

 0, 0, 1 

 0, 0, 0 

 0, 0, 141.431 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -14.401, 15583.2, -67.7355, -15.265, 67.7355, 15.265, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -64.6445, 

12.292, -14137.7, 1, 0.0129202, 0, 0, 0, 0, 0.0249557, 0, 0, -0, -0, -0.000128225, -0, 0, 1.77321e-016, -

0.998153, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -109.752, 109.752, -109.752, 109.752, 141.431, 142.431, -77.3982, 77.3982, -

40.071, 40.071, 141.431, 142.431, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1354, 701, 0, 

283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.62031, -1.62031, 1.62031, 1.62031, 0, -1.62031, -

1.62031, 1.62031, 1.62031, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=SE08a, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 74, 73, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0261904, 0.00929384, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0261904, -0.00929384, 0, 1 

 0.00196771, 0, 0, 0, 0, 0.00196771, 0, 0, 0, 0, 1, 0, -1.889, -1.889, 0, 1 

 508.206, 0, 0, 0, 0, 508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0798264, -0.0798264, 0, 0, 0.0399314, 0.0399314, 0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -6166.79, -

6074.87, 4891.23, 1 

 0.112892, 0, 0, 0, 0, 0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, -108.909, 9958.12, 1 

 8.85806, 0, 0, 0, 0, 8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 964.723, -0.994178, 1 

 6.2636, 3.13323, 6.11275e-005, 0, -6.2636, 3.13323, 6.11275e-005, 0, 0, 7.67014, -4.99408e-005, 0, 

575.75, 839.467, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.237173, -0.995783, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0798264, -0.0798264, 0, 0, -0.0399314, -0.0399314, -0.097752, 0, 6132.85, 6132.85, -5010.5, 0, -

6090.12, -5998.2, 5078.91, 1 

 6.2636, -3.13323, 6.11275e-005, 0, -6.2636, -3.13323, 6.11275e-005, 0, 0, -7.67014, -4.99408e-005, 0, 

575.75, 1080.53, -0.995783, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 955.277, -0.994178, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -106.873, 107.843, 9958.12, 1 

 0.00196771, 0, 0, 0, 0, -0.00196771, 0, 0, 0, 0, 1, 0, -1.86281, 1.8797, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.206, 0, 0, 0, 0, -508.206, 0, 0, 0, 0, 1, 0, 946.69, 955.277, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.85806, 0, 0, 0, 0, -8.85806, 0, 0, 0, 0, -9.98359e-005, 0, 575.75, 1080.53, -0.995783, 1 

 0.112892, 0, 0, 0, 0, -0.112892, 0, 0, 0, 0, -10016.4, 0, -64.9973, 121.983, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 
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 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252726, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196605, 0.0134756, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -108.909, 107.843, 141.431, 142.431, -74.925, 77.9302, -

40.1017, 39.0353, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.86281, -1.89829, 1.91519, 

1.8797, 0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 

0, 0, 50, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 74, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=CargaPavEstr, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 3, 4, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 
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 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 3, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=PL03dext, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, NO, YES, YES, YES, NO, YES, YES, YES, NO, YES, 

NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, 

YES, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO 

 1, 18, 15, 1, 1, 1 

 0 

 NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, 

YES, YES, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, YES, YES, YES, YES, 

YES, YES, YES, YES, YES, YES, YES, YES, NO, YES, YES, YES, NO, YES 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.8759, 

-14.1403, 16.0757, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 44.4552, -

14.7663, 4.20249, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02619, -0.08712, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02619, 0.08712, 0, 1 

 0.0019677, 0, 0, 0, 0, 0.0019677, 0, 0, 0, 0, 1, 0, -1.88899, -1.88899, 0, 1 

 508.209, 0, 0, 0, 0, 508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.079826, -0.079826, 0, 0, 0.0399312, 0.0399312, 0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6164.83, -

6072.91, 4896.02, 1 

 0.112891, 0, 0, 0, 0, 0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, -103.377, 9958.12, 1 

 8.8581, 0, 0, 0, 0, 8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 915.725, -0.994178, 1 
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 6.26363, 3.13324, 6.11275e-005, 0, -6.26363, 3.13324, 6.11275e-005, 0, 0, 7.67018, -4.99408e-005, 0, 

575.749, 790.468, -0.995783, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.75609, -0.333587, -0.995783, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.079826, -0.079826, 0, 0, -0.0399312, -0.0399312, -0.0977516, 0, 6132.85, 6132.85, -5010.5, 0, -6088.16, 

-5996.24, 5083.7, 1 

 6.26363, -3.13324, 6.11275e-005, 0, -6.26363, -3.13324, 6.11275e-005, 0, 0, -7.67018, -4.99408e-005, 0, 

575.749, 1129.53, -0.995783, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 946.69, 1004.28, -0.994178, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -106.873, 113.374, 9958.12, 1 

 0.0019677, 0, 0, 0, 0, -0.0019677, 0, 0, 0, 0, 1, 0, -1.8628, 1.97611, 0, 1 

 0.0123249, 0.00616527, 6.11275e-005, 0, -0.0123249, 0.00616527, 6.11275e-005, 0, 0, 0.0150926, -4.99408e-

005, 0, -0.7299, -0.246467, -0.995783, 1 

 40.5683, -40.5683, 0, 0, 20.2934, 20.2934, 49.6782, 0, 6132.85, 6132.85, -5010.5, 0, -6052.69, -6111.92, 

4985.53, 1 

 508.209, 0, 0, 0, 0, -508.209, 0, 0, 0, 0, 1, 0, 946.69, 1004.28, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -64.6445, -5.423, 12.292, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 64.6445, 5.423, -12.292, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -41.8759, -14.1403, 16.0757, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 41.8759, 14.1403, -16.0757, 1 

 8.8581, 0, 0, 0, 0, -8.8581, 0, 0, 0, 0, -9.98359e-005, 0, 575.749, 1129.53, -0.995783, 1 

 0.112891, 0, 0, 0, 0, -0.112891, 0, 0, 0, 0, -10016.4, 0, -64.9968, 127.514, 9942.04, 1 

 0.0174301, 0, 0, 0, 0, 0.0174301, 0, 0, 0, 0, -9.98359e-005, 0, -0, -6.1924e-017, -0.994178, 1 

 57.3722, 0, 0, 0, 0, 57.3722, 0, 0, 0, 0, -10016.4, 0, 0, 3.55271e-015, 9958.12, 1 

 64.6445, 5.423, -12.292 

 -8594.9, -8654.12, 7062.5 

 0, 0, 1 

 0, 0, 0 

 0, 3.55271e-015, 141.431 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -58.3142, 19974.6, -57.3722, -41.917, 57.3722, 41.917, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -41.876, -14.1406, -14094.1, 1, 0.0130843, 0, 0, 0, 0, 

0.0252728, 0, 0, -0, -0, -9.98359e-005, -0, -0.0196602, -0.12632, -0.994178, 1, 0, 0, 1354, 701 

 NO, 0.61, 0.61, 4, NO, NO, -106.873, 109.878, -103.377, 113.374, 141.431, 142.431, -74.9246, 77.9298, -

34.57, 44.5666, 141.431, 142.431, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1354, 701, 0, 283, 609.5, 1637, 1310.5, 0, 0, 0, 1354, 701, 0, -1.8628, -1.80187, 1.91518, 1.97611, 

0, -1.86281, -1.89829, 1.91519, 1.8797, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 0, 0, 50, 

YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -2.22045e-014, 2.22045e-014 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0.25, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 
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 0 

 0, 1, 18, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 

*LINK-KEY    ; Link Key 

; iKEY, TYPE, LINK KEY 

  1026, ELNK, 4030 

  1030, ELNK, 5030 

  1046, ELNK, 4030 

  1050, ELNK, 5030 

  1072, ELNK, 4030 

  1076, ELNK, 5030 

  1098, ELNK, 4030 

  1102, ELNK, 5030 

  1124, ELNK, 4030 

  1128, ELNK, 5030 

  1129, ELNK, 3010 

  1130, ELNK, 3020 

  1131, ELNK, 3030 

  1132, ELNK, 4010 

  1133, ELNK, 4020 

  1134, ELNK, 4030 

  1135, ELNK, 5010 

  1136, ELNK, 5020 

  1137, ELNK, 5030 

  1138, ELNK, 9010 

  1139, ELNK, 9020 

  1140, ELNK, 9030 

  1141, ELNK, 1110 

  1144, ELNK, 1220 

  1147, ELNK, 2110 

  1148, ELNK, 2120 

  1149, ELNK, 2130 

  1150, ELNK, 2140 

  1151, ELNK, 2210 

  1152, ELNK, 2220 

  1153, ELNK, 2230 

  1154, ELNK, 2240 

  1155, ELNK, 6110 

  1156, ELNK, 6120 

  1157, ELNK, 6130 

  1158, ELNK, 6140 

  1159, ELNK, 6210 

  1160, ELNK, 6220 

  1161, ELNK, 6230 

  1162, ELNK, 6240 

  1163, ELNK, 8110 

  1164, ELNK, 8120 

  1165, ELNK, 8130 

  1166, ELNK, 8140 

  1167, ELNK, 8210 

  1168, ELNK, 8220 

  1169, ELNK, 8230 

  1170, ELNK, 8240 

  1171, ELNK, 7110 

  1174, ELNK, 7220 

  1185, ELNK, 102 

  1186, ELNK, 105 

  1187, ELNK, 102 

  1188, ELNK, 105 

  1189, ELNK, 102 

  1190, ELNK, 105 

  1191, ELNK, 105 

  1192, ELNK, 123 

  1193, ELNK, 124 

  1194, ELNK, 123 

  1195, ELNK, 124 

  1198, ELNK, 123 
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  1199, ELNK, 124 

  1200, ELNK, 1130 

  1201, ELNK, 1140 

  1202, ELNK, 1230 

  1203, ELNK, 1240 

  1204, ELNK, 7130 

  1205, ELNK, 7140 

  1206, ELNK, 7230 

  1207, ELNK, 7240 

 

*ENDDATA 
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2.2. CALZADA PEATONAL TRAMO 2 
 

;--------------------------------------------------------------------------- 

;  MIDAS/Civil Text(MCT) File. 

;  Date : 2021/7/4 

;--------------------------------------------------------------------------- 

 

*VERSION 

   8.8.5 

 

*UNIT    ; Unit System 

; FORCE, LENGTH, HEAT, TEMPER 

   KN   , M, BTU, C 

 

*PROJINFO    ; Project Information 

; PROJECT, REVISION, USER, EMAIL, ADDRESS, TEL, FAX, CLIENT, TITLE, ENGINEER, EDATE       ; One Line per 

Data 

; CHECK1, CDATE1, CHECK2, CDATE2, CHECK3, CDATE3, APPROVE, ADATE, COMMENT                 ; One Line per 

Data 

   USER=temha 

   ADDRESS=temha 

 

*STRUCTYPE    ; Structure Type 

; iSTYP, iMASS, iSMAS, bMASSOFFSET, bSELFWEIGHT, GRAV, TEMPER, bALIGNBEAM, bALIGNSLAB, bROTRIGID 

     0, 1, 1, NO, YES, 9.806, 0, NO, NO, NO 

 

*REBAR-MATL-CODE    ; Rebar Material Code 

; CONC_CODE, CONC_MDB, SRC_CODE, SRC_MDB 

 ASTM(RC), Grade 60, ASTM(RC), Grade 60 

 

*NODE    ; Nodes 

; iNO, X, Y, Z 

     1, 110.562, -7.876, -0.6 

     2, 111.158, -5.966, -0.6 

     3, 111.753, -4.057, -0.6 

     4, 114.285, 4.057, -0.6 

     5, 114.88, 5.966, -0.6 

     6, 115.476, 7.876, -0.6 

   100, 113.019, 0, -0.8 

   101, 110.562, -7.876, -0.8 

   102, 111.158, -5.966, -0.8 

   103, 111.753, -4.057, -0.8 

   104, 114.285, 4.057, -0.8 

   105, 114.88, 5.966, -0.8 

   106, 115.476, 7.876, -0.8 

   111, 110.488, -8.114, -0.8 

   112, 111.083, -6.205, -0.8 

   113, 111.679, -4.296, -0.8 

   114, 114.21, 3.819, -0.8 

   115, 114.806, 5.728, -0.8 

   116, 115.401, 7.637, -0.8 

   121, 110.488, -8.114, -0.6 

   122, 111.083, -6.205, -0.6 

   123, 111.679, -4.296, -0.6 

   124, 114.21, 3.819, -0.6 

   125, 114.806, 5.728, -0.6 

   126, 115.401, 7.637, -0.6 

   131, 110.334, -7.805, -0.8 

   132, 110.927, -5.895, -0.8 

   133, 111.52, -3.985, -0.8 

   134, 114.041, 4.133, -0.8 

   135, 114.634, 6.043, -0.8 

   136, 115.227, 7.953, -0.8 

   141, 110.334, -7.805, -0.6 

   142, 110.927, -5.895, -0.6 

   143, 111.52, -3.985, -0.6 

   144, 114.041, 4.133, -0.6 
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   145, 114.634, 6.043, -0.6 

   146, 115.227, 7.953, -0.6 

  1001, 1.266, -4.057, 5.033 

  1002, 2.714, -3.612, 4.992 

  1003, 4.082, -3.203, 4.953 

  1004, 5.537, -2.781, 4.911 

  1005, 6.948, -2.383, 4.872 

  1006, 8.245, -2.029, 4.835 

  1007, 9.544, -1.684, 4.798 

  1008, 10.966, -1.823, 4.762 

  1009, 12.473, -2.333, 4.725 

  1010, 14.501, -4.569, 4.685 

  1011, 15.898, -4.242, 4.645 

  1012, 17.181, -3.952, 4.608 

  1013, 18.466, -3.672, 4.572 

  1014, 19.753, -3.401, 4.535 

  1015, 21.042, -3.139, 4.498 

  1016, 22.45, -2.865, 4.458 

  1017, 23.86, -2.601, 4.419 

  1018, 25.155, -2.369, 4.382 

  1019, 26.451, -2.146, 4.345 

  1020, 27.749, -1.933, 4.309 

  1021, 29.048, -1.73, 4.272 

  1022, 30.468, -1.518, 4.232 

  1023, 31.529, 1.308, 4.157 

  1024, 32.741, 2.337, 4.088 

  1025, 34.012, 2.99, 4.02 

  1026, 35.347, 3.149, 3.951 

  1027, 36.683, 3.297, 3.882 

  1028, 38.141, 3.448, 3.807 

  1029, 39.601, 3.588, 3.732 

  1030, 40.94, 3.705, 3.664 

  1031, 42.28, 3.813, 3.595 

  1032, 43.654, 3.423, 3.526 

  1033, 45.046, 2.653, 3.458 

  1034, 46.643, 0.091, 3.383 

  1035, 48.004, 0.16, 3.311 

  1036, 49.318, 0.217, 3.243 

  1037, 50.633, 0.265, 3.174 

  1038, 51.947, 0.302, 3.105 

  1039, 53.262, 0.331, 3.037 

  1040, 54.625, 0.35, 2.965 

  1041, 55.988, 0.359, 2.894 

  1042, 57.303, 0.358, 2.825 

  1043, 58.619, 0.347, 2.757 

  1044, 59.934, 0.327, 2.688 

  1045, 61.249, 0.298, 2.619 

  1046, 62.611, 0.257, 2.548 

  1047, 64.155, 2.851, 2.473 

  1048, 65.53, 3.65, 2.405 

  1049, 66.896, 4.069, 2.336 

  1050, 68.238, 3.989, 2.267 

  1051, 69.579, 3.899, 2.198 

  1052, 71.041, 3.79, 2.123 

  1053, 72.503, 3.669, 2.049 

  1054, 73.842, 3.548, 1.98 

  1055, 75.179, 3.418, 1.911 

  1056, 76.516, 3.278, 1.842 

  1057, 77.852, 3.128, 1.774 

  1058, 79.308, 2.953, 1.699 

  1059, 80.763, 2.767, 1.624 

  1060, 82.095, 2.587, 1.555 

  1061, 83.425, 2.397, 1.486 

  1062, 84.755, 2.197, 1.418 

  1063, 86.082, 1.987, 1.349 

  1064, 87.529, 1.748, 1.274 

  1065, 88.974, 1.497, 1.199 

  1066, 90.296, 1.257, 1.13 
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  1067, 91.617, 1.007, 1.062 

  1068, 92.84, 0.268, 0.993 

  1069, 93.979, -0.842, 0.924 

  1070, 94.843, -3.734, 0.849 

  1071, 96.244, -4.043, 0.774 

  1072, 97.526, -4.336, 0.706 

  1073, 98.807, -4.637, 0.637 

  1074, 100.084, -4.949, 0.568 

  1075, 101.36, -5.269, 0.5 

  1076, 102.749, -5.629, 0.425 

  1077, 104.135, -6, 0.35 

  1078, 105.403, -6.35, 0.281 

  1079, 106.668, -6.709, 0.212 

  1080, 107.931, -7.077, 0.144 

  1081, 109.191, -7.454, 0.075 

  1082, 110.562, -7.876, 0 

  2004, 5.017, -0.964, 4.911 

  2010, 14.121, -2.973, 4.685 

  2022, 30.232, 0.105, 4.232 

  2034, 46.554, 1.729, 3.383 

  2046, 62.666, 1.896, 2.548 

  2058, 79.54, 4.829, 1.699 

  2070, 95.189, -2.131, 0.849 

  2082, 111.158, -5.966, 0 

  3008, 10.846, -1.348, 4.762 

  3009, 12.15, -1.022, 4.725 

  3010, 13.575, -0.677, 4.685 

  3011, 15.003, -0.343, 4.645 

  3012, 16.314, -0.047, 4.608 

  3013, 17.627, 0.239, 4.572 

  3014, 18.943, 0.516, 4.535 

  3015, 20.26, 0.784, 4.498 

  3016, 21.699, 1.064, 4.458 

  3017, 23.141, 1.334, 4.419 

  3018, 24.464, 1.571, 4.382 

  3019, 25.789, 1.798, 4.345 

  3020, 27.115, 2.016, 4.309 

  3021, 28.443, 2.224, 4.272 

  3022, 29.894, 2.44, 4.232 

  3023, 31.346, 2.645, 4.157 

  3024, 32.678, 2.823, 4.088 

  3032, 43.62, 3.911, 3.526 

  3033, 44.962, 4, 3.458 

  3034, 46.426, 4.085, 3.383 

  3035, 47.817, 4.156, 3.311 

  3036, 49.16, 4.214, 3.243 

  3037, 50.503, 4.262, 3.174 

  3038, 51.847, 4.301, 3.105 

  3039, 53.191, 4.33, 3.037 

  3040, 54.584, 4.35, 2.965 

  3041, 55.977, 4.359, 2.894 

  3042, 57.321, 4.358, 2.825 

  3043, 58.665, 4.347, 2.757 

  3044, 60.009, 4.327, 2.688 

  3045, 61.353, 4.297, 2.619 

  3046, 62.745, 4.255, 2.548 

  3047, 64.211, 4.2, 2.473 

  3048, 65.554, 4.139, 2.405 

  3049, 66.896, 4.069, 2.336 

  3050, 68.238, 3.989, 2.267 

  3051, 69.579, 3.899, 2.198 

  3052, 71.041, 3.79, 2.123 

  3053, 72.503, 3.669, 2.049 

  3054, 73.842, 3.548, 1.98 

  3055, 75.179, 3.418, 1.911 

  3056, 76.516, 3.278, 1.842 

  3057, 77.852, 3.128, 1.774 

  3058, 79.308, 2.953, 1.699 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 401 DE 708 

 

 

  3059, 80.763, 2.767, 1.624 

  3060, 82.095, 2.587, 1.555 

  3061, 83.425, 2.397, 1.486 

  3062, 84.755, 2.197, 1.418 

  3063, 86.082, 1.987, 1.349 

  3064, 87.529, 1.748, 1.274 

  3065, 88.974, 1.497, 1.199 

  3066, 90.296, 1.257, 1.13 

  3067, 91.617, 1.007, 1.062 

  3068, 92.936, 0.748, 0.993 

  3069, 94.253, 0.479, 0.924 

  3070, 95.688, 0.175, 0.849 

  3071, 97.12, -0.14, 0.774 

  3072, 98.43, -0.439, 0.706 

  3073, 99.739, -0.748, 0.637 

  3074, 101.045, -1.066, 0.568 

  3075, 102.349, -1.393, 0.5 

  3076, 103.768, -1.761, 0.425 

  3077, 105.185, -2.14, 0.35 

  3078, 106.48, -2.498, 0.281 

  3079, 107.774, -2.864, 0.212 

  3080, 109.064, -3.241, 0.144 

  3081, 110.352, -3.626, 0.075 

  3082, 111.753, -4.057, 0 

  4010, 13.029, 1.619, 4.685 

  4011, 14.703, 0.963, 4.645 

  4012, 16.208, 0.431, 4.608 

  4020, 27.038, 2.5, 4.309 

  4021, 28.24, 3.549, 4.272 

  4022, 29.555, 4.776, 4.232 

  4034, 46.297, 6.442, 3.383 

  4035, 47.754, 5.495, 3.311 

  4036, 49.14, 4.704, 3.243 

  4044, 60.018, 4.817, 2.688 

  4045, 61.388, 5.636, 2.619 

  4046, 62.825, 6.614, 2.548 

  4070, 96.186, 2.482, 0.849 

  4071, 97.413, 1.167, 0.774 

  4072, 98.541, 0.038, 0.706 

  4080, 109.203, -2.771, 0.144 

  4081, 110.741, -2.344, 0.075 

  5001, 0, 0, 5.033 

  5002, 1.482, 0.456, 4.992 

  5003, 2.88, 0.874, 4.953 

  5004, 4.369, 1.306, 4.911 

  5005, 5.813, 1.712, 4.872 

  5006, 7.139, 2.075, 4.835 

  5007, 8.468, 2.428, 4.798 

  5008, 9.8, 2.771, 4.762 

  5009, 11.133, 3.104, 4.725 

  5010, 12.591, 3.457, 4.685 

  5022, 29.284, 6.646, 4.232 

  5023, 30.769, 6.856, 4.157 

  5024, 32.132, 7.037, 4.088 

  5025, 33.496, 7.209, 4.02 

  5026, 34.862, 7.371, 3.951 

  5027, 36.228, 7.523, 3.882 

  5028, 37.72, 7.677, 3.807 

  5029, 39.214, 7.82, 3.732 

  5030, 40.583, 7.94, 3.664 

  5031, 41.954, 8.051, 3.595 

  5032, 43.325, 8.151, 3.526 

  5033, 44.697, 8.242, 3.458 

  5034, 46.195, 8.329, 3.383 

  5046, 62.888, 8.503, 2.548 

  5047, 64.387, 8.446, 2.473 

  5048, 65.761, 8.384, 2.405 

  5049, 67.134, 8.312, 2.336 
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  5050, 68.506, 8.23, 2.267 

  5051, 69.878, 8.138, 2.198 

  5052, 71.374, 8.027, 2.123 

  5053, 72.869, 7.903, 2.049 

  5054, 74.239, 7.78, 1.98 

  5055, 75.607, 7.646, 1.911 

  5056, 76.975, 7.503, 1.842 

  5057, 78.341, 7.35, 1.774 

  5058, 79.83, 7.171, 1.699 

  5059, 81.318, 6.981, 1.624 

  5060, 82.681, 6.796, 1.555 

  5061, 84.042, 6.602, 1.486 

  5062, 85.402, 6.397, 1.418 

  5063, 86.76, 6.183, 1.349 

  5064, 88.24, 5.938, 1.274 

  5065, 89.718, 5.681, 1.199 

  5066, 91.071, 5.436, 1.13 

  5067, 92.422, 5.18, 1.062 

  5068, 93.771, 4.915, 0.993 

  5069, 95.118, 4.64, 0.924 

  5070, 96.585, 4.329, 0.849 

  5082, 113.019, 0, 0 

  6010, 12.154, 5.296, 4.685 

  6011, 13.401, 6.635, 4.645 

  6012, 14.579, 7.772, 4.608 

  6020, 25.846, 9.925, 4.309 

  6021, 27.36, 9.302, 4.272 

  6022, 29.013, 8.517, 4.232 

  6034, 46.092, 10.216, 3.383 

  6035, 47.481, 11.308, 3.311 

  6036, 48.842, 12.218, 3.243 

  6044, 60.16, 12.335, 2.688 

  6045, 61.54, 11.454, 2.619 

  6046, 62.952, 10.391, 2.548 

  6070, 96.985, 6.177, 0.849 

  6071, 98.687, 6.846, 0.774 

  6072, 100.241, 7.364, 0.706 

  6080, 111.333, 4.441, 0.144 

  6081, 112.43, 3.226, 0.075 

  7008, 8.753, 6.89, 4.762 

  7009, 10.117, 7.231, 4.725 

  7010, 11.608, 7.592, 4.685 

  7011, 13.101, 7.941, 4.645 

  7012, 14.472, 8.251, 4.608 

  7013, 15.846, 8.55, 4.572 

  7014, 17.221, 8.84, 4.535 

  7015, 18.599, 9.12, 4.498 

  7016, 20.104, 9.413, 4.458 

  7017, 21.612, 9.695, 4.419 

  7018, 22.996, 9.943, 4.382 

  7019, 24.381, 10.181, 4.345 

  7020, 25.768, 10.409, 4.309 

  7021, 27.157, 10.626, 4.272 

  7022, 28.674, 10.852, 4.232 

  7023, 30.193, 11.066, 4.157 

  7024, 31.586, 11.252, 4.088 

  7032, 43.03, 12.391, 3.526 

  7033, 44.433, 12.483, 3.458 

  7034, 45.964, 12.573, 3.383 

  7035, 47.419, 12.647, 3.311 

  7036, 48.823, 12.707, 3.243 

  7037, 50.228, 12.758, 3.174 

  7038, 51.633, 12.798, 3.105 

  7039, 53.039, 12.829, 3.037 

  7040, 54.495, 12.849, 2.965 

  7041, 55.952, 12.859, 2.894 

  7042, 57.358, 12.858, 2.825 

  7043, 58.764, 12.847, 2.757 
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  7044, 60.169, 12.825, 2.688 

  7045, 61.575, 12.794, 2.619 

  7046, 63.031, 12.75, 2.548 

  7047, 64.564, 12.692, 2.473 

  7048, 65.968, 12.629, 2.405 

  7049, 67.372, 12.555, 2.336 

  7050, 68.775, 12.472, 2.267 

  7051, 70.178, 12.378, 2.198 

  7052, 71.707, 12.264, 2.123 

  7053, 73.236, 12.137, 2.049 

  7054, 74.636, 12.011, 1.98 

  7055, 76.035, 11.875, 1.911 

  7056, 77.433, 11.728, 1.842 

  7057, 78.83, 11.571, 1.774 

  7058, 80.353, 11.389, 1.699 

  7059, 81.874, 11.194, 1.624 

  7060, 83.267, 11.006, 1.555 

  7061, 84.659, 10.807, 1.486 

  7062, 86.049, 10.598, 1.418 

  7063, 87.437, 10.379, 1.349 

  7064, 88.95, 10.128, 1.274 

  7065, 90.461, 9.866, 1.199 

  7066, 91.845, 9.615, 1.13 

  7067, 93.226, 9.354, 1.062 

  7068, 94.605, 9.083, 0.993 

  7069, 95.983, 8.802, 0.924 

  7070, 97.483, 8.484, 0.849 

  7071, 98.981, 8.154, 0.774 

  7072, 100.351, 7.841, 0.706 

  7073, 101.72, 7.518, 0.637 

  7074, 103.085, 7.186, 0.568 

  7075, 104.449, 6.843, 0.5 

  7076, 105.933, 6.459, 0.425 

  7077, 107.415, 6.062, 0.35 

  7078, 108.77, 5.688, 0.281 

  7079, 110.123, 5.305, 0.212 

  7080, 111.472, 4.911, 0.144 

  7081, 112.819, 4.508, 0.075 

  7082, 114.285, 4.057, 0 

  8004, 3.721, 3.575, 4.911 

  8010, 11.061, 9.888, 4.685 

  8022, 28.335, 13.188, 4.232 

  8034, 45.835, 14.929, 3.383 

  8046, 63.111, 15.109, 2.548 

  8058, 80.12, 9.513, 1.699 

  8070, 97.981, 10.79, 0.849 

  8082, 114.88, 5.966, 0 

  9001, -1.266, 4.057, 5.033 

  9002, 0.249, 4.523, 4.992 

  9003, 1.679, 4.95, 4.953 

  9004, 3.201, 5.392, 4.911 

  9005, 4.677, 5.808, 4.872 

  9006, 6.033, 6.178, 4.835 

  9007, 7.392, 6.539, 4.798 

  9008, 8.633, 7.365, 4.762 

  9009, 9.794, 8.542, 4.725 

  9010, 10.682, 11.483, 4.685 

  9011, 12.206, 11.84, 4.645 

  9012, 13.606, 12.156, 4.608 

  9013, 15.007, 12.461, 4.572 

  9014, 16.411, 12.757, 4.535 

  9015, 17.817, 13.043, 4.498 

  9016, 19.354, 13.342, 4.458 

  9017, 20.892, 13.63, 4.419 

  9018, 22.305, 13.883, 4.382 

  9019, 23.719, 14.126, 4.345 

  9020, 25.135, 14.358, 4.309 

  9021, 26.552, 14.58, 4.272 
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  9022, 28.1, 14.811, 4.232 

  9023, 30.009, 12.404, 4.157 

  9024, 31.523, 11.738, 4.088 

  9025, 32.981, 11.428, 4.02 

  9026, 34.377, 11.593, 3.951 

  9027, 35.774, 11.748, 3.882 

  9028, 37.3, 11.906, 3.807 

  9029, 38.826, 12.052, 3.732 

  9030, 40.227, 12.175, 3.664 

  9031, 41.628, 12.288, 3.595 

  9032, 42.996, 12.88, 3.526 

  9033, 44.349, 13.831, 3.458 

  9034, 45.746, 16.567, 3.383 

  9035, 47.231, 16.642, 3.311 

  9036, 48.665, 16.704, 3.243 

  9037, 50.098, 16.756, 3.174 

  9038, 51.533, 16.797, 3.105 

  9039, 52.967, 16.828, 3.037 

  9040, 54.454, 16.849, 2.965 

  9041, 55.941, 16.859, 2.894 

  9042, 57.376, 16.858, 2.825 

  9043, 58.81, 16.846, 2.757 

  9044, 60.245, 16.825, 2.688 

  9045, 61.679, 16.792, 2.619 

  9046, 63.166, 16.748, 2.548 

  9047, 64.62, 14.041, 2.473 

  9048, 65.992, 13.118, 2.405 

  9049, 67.372, 12.555, 2.336 

  9050, 68.775, 12.472, 2.267 

  9051, 70.178, 12.378, 2.198 

  9052, 71.707, 12.264, 2.123 

  9053, 73.236, 12.137, 2.049 

  9054, 74.636, 12.011, 1.98 

  9055, 76.035, 11.875, 1.911 

  9056, 77.433, 11.728, 1.842 

  9057, 78.83, 11.571, 1.774 

  9058, 80.353, 11.389, 1.699 

  9059, 81.874, 11.194, 1.624 

  9060, 83.267, 11.006, 1.555 

  9061, 84.659, 10.807, 1.486 

  9062, 86.049, 10.598, 1.418 

  9063, 87.437, 10.379, 1.349 

  9064, 88.95, 10.128, 1.274 

  9065, 90.461, 9.866, 1.199 

  9066, 91.845, 9.615, 1.13 

  9067, 93.226, 9.354, 1.062 

  9068, 94.702, 9.563, 0.993 

  9069, 96.257, 10.123, 0.924 

  9070, 98.328, 12.393, 0.849 

  9071, 99.856, 12.057, 0.774 

  9072, 101.255, 11.738, 0.706 

  9073, 102.652, 11.408, 0.637 

  9074, 104.046, 11.069, 0.568 

  9075, 105.437, 10.719, 0.5 

  9076, 106.952, 10.327, 0.425 

  9077, 108.464, 9.922, 0.35 

  9078, 109.848, 9.54, 0.281 

  9079, 111.228, 9.149, 0.212 

  9080, 112.605, 8.747, 0.144 

  9081, 113.98, 8.336, 0.075 

  9082, 115.476, 7.876, 0 

 101000, 4.369, 1.306, 1.161 

 101002, 4.369, 1.306, 1.861 

 101004, 4.369, 1.306, 2.033 

 101010, 5.017, -0.964, 4.311 

 101011, 4.671, 0.248, 3.051 

 101015, 4.493, 0.873, 2.233 

 101020, 3.721, 3.575, 4.311 
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 101021, 4.067, 2.363, 3.051 

 101025, 4.245, 1.738, 2.233 

 101030, 4.369, 1.306, 4.311 

 102100, 13.575, -0.677, 1.685 

 102104, 13.575, -0.677, 1.807 

 102110, 14.121, -2.973, 4.085 

 102111, 13.83, -1.747, 2.825 

 102115, 13.679, -1.115, 2.007 

 102120, 13.029, 1.619, 4.085 

 102121, 13.32, 0.393, 2.825 

 102125, 13.471, -0.239, 2.007 

 102130, 16.314, -0.047, 4.008 

 102131, 14.812, -0.387, 2.478 

 102135, 14.287, -0.509, 1.807 

 102140, 10.846, -1.348, 4.162 

 102141, 12.34, -0.976, 2.547 

 102145, 12.918, -0.835, 1.807 

 102200, 11.608, 7.592, 1.685 

 102204, 11.608, 7.592, 1.807 

 102210, 12.154, 5.296, 4.085 

 102211, 11.862, 6.522, 2.825 

 102215, 11.712, 7.154, 2.007 

 102220, 11.061, 9.888, 4.085 

 102221, 11.353, 8.662, 2.825 

 102225, 11.504, 8.03, 2.007 

 102230, 14.472, 8.251, 4.008 

 102231, 12.902, 7.895, 2.478 

 102235, 12.353, 7.768, 1.807 

 102240, 8.753, 6.89, 4.162 

 102241, 10.316, 7.28, 2.547 

 102245, 10.92, 7.427, 1.807 

 103100, 29.894, 2.44, -1.268 

 103101, 29.894, 2.44, -0.568 

 103102, 29.894, 2.44, -0.367999999999999 

 103103, 29.894, 2.44, 0.762 

 103104, 29.894, 2.44, 1.354 

 103110, 30.232, 0.105, 3.632 

 103111, 30.051, 1.352, 2.372 

 103115, 29.958, 1.995, 1.554 

 103120, 29.555, 4.776, 3.632 

 103121, 29.736, 3.529, 2.372 

 103125, 29.829, 2.886, 1.554 

 103130, 32.678, 2.823, 3.488 

 103131, 31.152, 2.618, 1.995 

 103135, 30.642, 2.547, 1.354 

 103140, 27.115, 2.016, 3.709 

 103141, 28.636, 2.254, 2.094 

 103145, 29.225, 2.342, 1.354 

 103200, 28.674, 10.852, -1.268 

 103201, 28.674, 10.852, -0.568 

 103202, 28.674, 10.852, -0.367999999999999 

 103203, 28.674, 10.852, 0.762 

 103204, 28.674, 10.852, 1.354 

 103210, 29.013, 8.517, 3.632 

 103211, 28.832, 9.764, 2.372 

 103215, 28.739, 10.407, 1.554 

 103220, 28.335, 13.188, 3.632 

 103221, 28.516, 11.941, 2.372 

 103225, 28.609, 11.298, 1.554 

 103230, 31.586, 11.252, 3.488 

 103231, 29.99, 11.039, 1.995 

 103235, 29.457, 10.964, 1.354 

 103240, 25.768, 10.409, 3.709 

 103241, 27.359, 10.657, 2.094 

 103245, 27.974, 10.75, 1.354 

 104100, 46.426, 4.085, -3.417 

 104101, 46.426, 4.085, -2.667 

 104102, 46.426, 4.085, -1.217 
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 104103, 46.426, 4.085, -0.0870000000000002 

 104104, 46.426, 4.085, 0.505 

 104110, 46.554, 1.729, 2.783 

 104111, 46.485, 2.987, 1.523 

 104115, 46.45, 3.636, 0.705 

 104120, 46.297, 6.442, 2.783 

 104121, 46.366, 5.184, 1.523 

 104125, 46.401, 4.535, 0.705 

 104130, 49.233, 4.217, 2.639 

 104131, 47.695, 4.15, 1.147 

 104135, 47.179, 4.125, 0.505 

 104140, 43.62, 3.911, 2.927 

 104141, 45.157, 4.012, 1.275 

 104145, 45.775, 4.049, 0.505 

 104200, 45.964, 12.573, -3.417 

 104201, 45.964, 12.573, -2.667 

 104202, 45.964, 12.573, -1.217 

 104203, 45.964, 12.573, -0.0870000000000002 

 104204, 45.964, 12.573, 0.505 

 104210, 46.092, 10.216, 2.783 

 104211, 46.023, 11.475, 1.523 

 104215, 45.988, 12.124, 0.705 

 104220, 45.835, 14.929, 2.783 

 104221, 45.904, 13.671, 1.523 

 104225, 45.939, 13.022, 0.705 

 104230, 48.9, 12.71, 2.639 

 104231, 47.291, 12.641, 1.147 

 104235, 46.752, 12.614, 0.505 

 104240, 43.03, 12.391, 2.927 

 104241, 44.637, 12.496, 1.275 

 104245, 45.283, 12.535, 0.505 

 105100, 62.745, 4.255, -6.502 

 105101, 62.745, 4.255, -5.352 

 105102, 62.745, 4.255, -2.052 

 105103, 62.745, 4.255, -0.922 

 105104, 62.745, 4.255, -0.33 

 105110, 62.666, 1.896, 1.948 

 105111, 62.708, 3.156, 0.688 

 105115, 62.73, 3.805, -0.13 

 105120, 62.825, 6.614, 1.948 

 105121, 62.782, 5.354, 0.688 

 105125, 62.761, 4.705, -0.13 

 105130, 65.554, 4.139, 1.804 

 105131, 64.015, 4.208, 0.311 

 105135, 63.501, 4.228, -0.33 

 105140, 59.936, 4.328, 2.092 

 105141, 61.475, 4.293, 0.439 

 105145, 62.093, 4.276, -0.33 

 105200, 63.031, 12.75, -6.502 

 105201, 63.031, 12.75, -5.352 

 105202, 63.031, 12.75, -2.052 

 105203, 63.031, 12.75, -0.922 

 105204, 63.031, 12.75, -0.33 

 105210, 62.952, 10.391, 1.948 

 105211, 62.994, 11.651, 0.688 

 105215, 63.016, 12.3, -0.13 

 105220, 63.111, 15.109, 1.948 

 105221, 63.068, 13.849, 0.688 

 105225, 63.046, 13.2, -0.13 

 105230, 65.968, 12.629, 1.804 

 105231, 64.359, 12.701, 0.311 

 105235, 63.821, 12.722, -0.33 

 105240, 60.093, 12.827, 2.092 

 105241, 61.703, 12.79, 0.439 

 105245, 62.349, 12.772, -0.33 

 106000, 79.83, 7.171, -9.001 

 106001, 79.83, 7.171, -6.901 

 106002, 79.83, 7.171, -2.901 
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 106003, 79.83, 7.171, -1.771 

 106004, 79.83, 7.171, -1.179 

 106010, 79.54, 4.829, 1.099 

 106011, 79.695, 6.08, -0.161 

 106015, 79.775, 6.725, -0.979 

 106020, 80.12, 9.513, 1.099 

 106021, 79.966, 8.263, -0.161 

 106025, 79.886, 7.618, -0.979 

 106030, 82.681, 6.796, 0.955 

 106031, 81.12, 7.007, -0.538 

 106035, 80.598, 7.075, -1.179 

 106040, 76.975, 7.503, 1.243 

 106041, 78.54, 7.327, -0.409 

 106045, 79.169, 7.252, -1.179 

 107100, 95.688, 0.175, -8.551 

 107101, 95.688, 0.175, -6.101 

 107102, 95.688, 0.175, -3.751 

 107103, 95.688, 0.175, -2.621 

 107104, 95.688, 0.175, -2.029 

 107110, 95.189, -2.131, 0.249 

 107111, 95.456, -0.9, -1.011 

 107115, 95.593, -0.265, -1.829 

 107120, 96.186, 2.482, 0.249 

 107121, 95.92, 1.251, -1.011 

 107125, 95.783, 0.615, -1.829 

 107130, 98.43, -0.439, 0.105 

 107131, 96.929, -0.097, -1.388 

 107135, 96.427, 0.014, -2.029 

 107140, 92.936, 0.748, 0.393 

 107141, 94.445, 0.439, -1.258 

 107145, 95.051, 0.312, -2.029 

 107200, 97.483, 8.484, -8.551 

 107201, 97.483, 8.484, -6.101 

 107202, 97.483, 8.484, -3.751 

 107203, 97.483, 8.484, -2.621 

 107204, 97.483, 8.484, -2.029 

 107210, 96.985, 6.177, 0.249 

 107211, 97.251, 7.408, -1.011 

 107215, 97.388, 8.044, -1.829 

 107220, 97.981, 10.79, 0.249 

 107221, 97.715, 9.559, -1.011 

 107225, 97.578, 8.923, -1.829 

 107230, 100.351, 7.841, 0.105 

 107231, 98.781, 8.198, -1.388 

 107235, 98.256, 8.315, -2.029 

 107240, 94.605, 9.083, 0.393 

 107241, 96.183, 8.76, -1.258 

 107245, 96.817, 8.626, -2.029 

 111001, 4.369, 1.306, 0.410999999999999 

 111002, 4.369, 1.306, -0.339000000000001 

 112101, 13.575, -0.677, 1.085 

 112102, 13.575, -0.677, 0.484999999999999 

 112103, 13.575, -0.677, -0.0150000000000006 

 112104, 13.575, -0.677, -0.515000000000001 

 112105, 13.575, -0.677, -1.015 

 112106, 13.575, -0.677, -1.515 

 112107, 13.575, -0.677, -2.015 

 112108, 13.575, -0.677, -2.515 

 112109, 13.575, -0.677, -3.015 

 112110, 13.575, -0.677, -3.515 

 112111, 13.575, -0.677, -4.015 

 112112, 13.575, -0.677, -4.515 

 112113, 13.575, -0.677, -5.015 

 112114, 13.575, -0.677, -5.515 

 112115, 13.575, -0.677, -6.015 

 112116, 13.575, -0.677, -6.515 

 112117, 13.575, -0.677, -7.015 

 112118, 13.575, -0.677, -7.515 
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 112119, 13.575, -0.677, -8.015 

 112120, 13.575, -0.677, -8.515 

 112121, 13.575, -0.677, -9.015 

 112122, 13.575, -0.677, -9.515 

 112123, 13.575, -0.677, -10.015 

 112124, 13.575, -0.677, -10.515 

 112125, 13.575, -0.677, -11.015 

 112126, 13.575, -0.677, -11.515 

 112127, 13.575, -0.677, -12.015 

 112128, 13.575, -0.677, -12.515 

 112129, 13.575, -0.677, -13.015 

 112130, 13.575, -0.677, -13.515 

 112131, 13.575, -0.677, -14.015 

 112132, 13.575, -0.677, -14.515 

 112133, 13.575, -0.677, -15.015 

 112134, 13.575, -0.677, -15.515 

 112135, 13.575, -0.677, -16.015 

 112136, 13.575, -0.677, -16.515 

 112137, 13.575, -0.677, -17.015 

 112201, 11.608, 7.592, 1.085 

 112202, 11.608, 7.592, 0.484999999999999 

 112203, 11.608, 7.592, -0.0150000000000006 

 112204, 11.608, 7.592, -0.515000000000001 

 112205, 11.608, 7.592, -1.015 

 112206, 11.608, 7.592, -1.515 

 112207, 11.608, 7.592, -2.015 

 112208, 11.608, 7.592, -2.515 

 112209, 11.608, 7.592, -3.015 

 112210, 11.608, 7.592, -3.515 

 112211, 11.608, 7.592, -4.015 

 112212, 11.608, 7.592, -4.515 

 112213, 11.608, 7.592, -5.015 

 112214, 11.608, 7.592, -5.515 

 112215, 11.608, 7.592, -6.015 

 112216, 11.608, 7.592, -6.515 

 112217, 11.608, 7.592, -7.015 

 112218, 11.608, 7.592, -7.515 

 112219, 11.608, 7.592, -8.015 

 112220, 11.608, 7.592, -8.515 

 112221, 11.608, 7.592, -9.015 

 112222, 11.608, 7.592, -9.515 

 112223, 11.608, 7.592, -10.015 

 112224, 11.608, 7.592, -10.515 

 112225, 11.608, 7.592, -11.015 

 112226, 11.608, 7.592, -11.515 

 112227, 11.608, 7.592, -12.015 

 112228, 11.608, 7.592, -12.515 

 112229, 11.608, 7.592, -13.015 

 112230, 11.608, 7.592, -13.515 

 112231, 11.608, 7.592, -14.015 

 112232, 11.608, 7.592, -14.515 

 112233, 11.608, 7.592, -15.015 

 112234, 11.608, 7.592, -15.515 

 112235, 11.608, 7.592, -16.015 

 112236, 11.608, 7.592, -16.515 

 112237, 11.608, 7.592, -17.015 

 113101, 29.894, 2.44, -1.868 

 113102, 29.894, 2.44, -2.468 

 113103, 29.894, 2.44, -2.968 

 113104, 29.894, 2.44, -3.468 

 113105, 29.894, 2.44, -3.968 

 113106, 29.894, 2.44, -4.468 

 113107, 29.894, 2.44, -4.968 

 113108, 29.894, 2.44, -5.468 

 113109, 29.894, 2.44, -5.968 

 113110, 29.894, 2.44, -6.468 

 113111, 29.894, 2.44, -6.968 

 113112, 29.894, 2.44, -7.468 
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 113113, 29.894, 2.44, -7.968 

 113114, 29.894, 2.44, -8.468 

 113115, 29.894, 2.44, -8.968 

 113116, 29.894, 2.44, -9.468 

 113117, 29.894, 2.44, -9.968 

 113118, 29.894, 2.44, -10.468 

 113119, 29.894, 2.44, -10.968 

 113120, 29.894, 2.44, -11.468 

 113121, 29.894, 2.44, -11.968 

 113122, 29.894, 2.44, -12.468 

 113123, 29.894, 2.44, -12.968 

 113124, 29.894, 2.44, -13.468 

 113125, 29.894, 2.44, -13.968 

 113126, 29.894, 2.44, -14.468 

 113127, 29.894, 2.44, -14.968 

 113128, 29.894, 2.44, -15.468 

 113129, 29.894, 2.44, -15.968 

 113130, 29.894, 2.44, -16.468 

 113131, 29.894, 2.44, -16.968 

 113132, 29.894, 2.44, -17.468 

 113133, 29.894, 2.44, -17.968 

 113201, 28.674, 10.852, -1.868 

 113202, 28.674, 10.852, -2.468 

 113203, 28.674, 10.852, -2.968 

 113204, 28.674, 10.852, -3.468 

 113205, 28.674, 10.852, -3.968 

 113206, 28.674, 10.852, -4.468 

 113207, 28.674, 10.852, -4.968 

 113208, 28.674, 10.852, -5.468 

 113209, 28.674, 10.852, -5.968 

 113210, 28.674, 10.852, -6.468 

 113211, 28.674, 10.852, -6.968 

 113212, 28.674, 10.852, -7.468 

 113213, 28.674, 10.852, -7.968 

 113214, 28.674, 10.852, -8.468 

 113215, 28.674, 10.852, -8.968 

 113216, 28.674, 10.852, -9.468 

 113217, 28.674, 10.852, -9.968 

 113218, 28.674, 10.852, -10.468 

 113219, 28.674, 10.852, -10.968 

 113220, 28.674, 10.852, -11.468 

 113221, 28.674, 10.852, -11.968 

 113222, 28.674, 10.852, -12.468 

 113223, 28.674, 10.852, -12.968 

 113224, 28.674, 10.852, -13.468 

 113225, 28.674, 10.852, -13.968 

 113226, 28.674, 10.852, -14.468 

 113227, 28.674, 10.852, -14.968 

 113228, 28.674, 10.852, -15.468 

 113229, 28.674, 10.852, -15.968 

 113230, 28.674, 10.852, -16.468 

 113231, 28.674, 10.852, -16.968 

 113232, 28.674, 10.852, -17.468 

 113233, 28.674, 10.852, -17.968 

 114101, 46.426, 4.085, -4.017 

 114102, 46.426, 4.085, -4.617 

 114103, 46.426, 4.085, -5.117 

 114104, 46.426, 4.085, -5.617 

 114105, 46.426, 4.085, -6.117 

 114106, 46.426, 4.085, -6.617 

 114107, 46.426, 4.085, -7.117 

 114108, 46.426, 4.085, -7.617 

 114109, 46.426, 4.085, -8.117 

 114110, 46.426, 4.085, -8.617 

 114111, 46.426, 4.085, -9.117 

 114112, 46.426, 4.085, -9.617 

 114113, 46.426, 4.085, -10.117 

 114114, 46.426, 4.085, -10.617 
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 114115, 46.426, 4.085, -11.117 

 114116, 46.426, 4.085, -11.617 

 114117, 46.426, 4.085, -12.117 

 114118, 46.426, 4.085, -12.617 

 114119, 46.426, 4.085, -13.117 

 114120, 46.426, 4.085, -13.617 

 114121, 46.426, 4.085, -14.117 

 114122, 46.426, 4.085, -14.617 

 114123, 46.426, 4.085, -15.117 

 114124, 46.426, 4.085, -15.617 

 114125, 46.426, 4.085, -16.117 

 114126, 46.426, 4.085, -16.617 

 114127, 46.426, 4.085, -17.117 

 114128, 46.426, 4.085, -17.617 

 114129, 46.426, 4.085, -18.117 

 114130, 46.426, 4.085, -18.617 

 114131, 46.426, 4.085, -19.117 

 114201, 45.964, 12.573, -4.017 

 114202, 45.964, 12.573, -4.617 

 114203, 45.964, 12.573, -5.117 

 114204, 45.964, 12.573, -5.617 

 114205, 45.964, 12.573, -6.117 

 114206, 45.964, 12.573, -6.617 

 114207, 45.964, 12.573, -7.117 

 114208, 45.964, 12.573, -7.617 

 114209, 45.964, 12.573, -8.117 

 114210, 45.964, 12.573, -8.617 

 114211, 45.964, 12.573, -9.117 

 114212, 45.964, 12.573, -9.617 

 114213, 45.964, 12.573, -10.117 

 114214, 45.964, 12.573, -10.617 

 114215, 45.964, 12.573, -11.117 

 114216, 45.964, 12.573, -11.617 

 114217, 45.964, 12.573, -12.117 

 114218, 45.964, 12.573, -12.617 

 114219, 45.964, 12.573, -13.117 

 114220, 45.964, 12.573, -13.617 

 114221, 45.964, 12.573, -14.117 

 114222, 45.964, 12.573, -14.617 

 114223, 45.964, 12.573, -15.117 

 114224, 45.964, 12.573, -15.617 

 114225, 45.964, 12.573, -16.117 

 114226, 45.964, 12.573, -16.617 

 114227, 45.964, 12.573, -17.117 

 114228, 45.964, 12.573, -17.617 

 114229, 45.964, 12.573, -18.117 

 114230, 45.964, 12.573, -18.617 

 114231, 45.964, 12.573, -19.117 

 115101, 62.745, 4.255, -7.102 

 115102, 62.745, 4.255, -7.702 

 115103, 62.745, 4.255, -8.202 

 115104, 62.745, 4.255, -8.702 

 115105, 62.745, 4.255, -9.202 

 115106, 62.745, 4.255, -9.702 

 115107, 62.745, 4.255, -10.202 

 115108, 62.745, 4.255, -10.702 

 115109, 62.745, 4.255, -11.202 

 115110, 62.745, 4.255, -11.702 

 115111, 62.745, 4.255, -12.202 

 115112, 62.745, 4.255, -12.702 

 115113, 62.745, 4.255, -13.202 

 115114, 62.745, 4.255, -13.702 

 115115, 62.745, 4.255, -14.202 

 115116, 62.745, 4.255, -14.702 

 115117, 62.745, 4.255, -15.202 

 115118, 62.745, 4.255, -15.702 

 115119, 62.745, 4.255, -16.202 

 115120, 62.745, 4.255, -16.702 
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 115121, 62.745, 4.255, -17.202 

 115122, 62.745, 4.255, -17.702 

 115123, 62.745, 4.255, -18.202 

 115124, 62.745, 4.255, -18.702 

 115125, 62.745, 4.255, -19.202 

 115126, 62.745, 4.255, -19.702 

 115127, 62.745, 4.255, -20.202 

 115128, 62.745, 4.255, -20.702 

 115129, 62.745, 4.255, -21.202 

 115130, 62.745, 4.255, -21.702 

 115201, 63.031, 12.75, -7.102 

 115202, 63.031, 12.75, -7.702 

 115203, 63.031, 12.75, -8.202 

 115204, 63.031, 12.75, -8.702 

 115205, 63.031, 12.75, -9.202 

 115206, 63.031, 12.75, -9.702 

 115207, 63.031, 12.75, -10.202 

 115208, 63.031, 12.75, -10.702 

 115209, 63.031, 12.75, -11.202 

 115210, 63.031, 12.75, -11.702 

 115211, 63.031, 12.75, -12.202 

 115212, 63.031, 12.75, -12.702 

 115213, 63.031, 12.75, -13.202 

 115214, 63.031, 12.75, -13.702 

 115215, 63.031, 12.75, -14.202 

 115216, 63.031, 12.75, -14.702 

 115217, 63.031, 12.75, -15.202 

 115218, 63.031, 12.75, -15.702 

 115219, 63.031, 12.75, -16.202 

 115220, 63.031, 12.75, -16.702 

 115221, 63.031, 12.75, -17.202 

 115222, 63.031, 12.75, -17.702 

 115223, 63.031, 12.75, -18.202 

 115224, 63.031, 12.75, -18.702 

 115225, 63.031, 12.75, -19.202 

 115226, 63.031, 12.75, -19.702 

 115227, 63.031, 12.75, -20.202 

 115228, 63.031, 12.75, -20.702 

 115229, 63.031, 12.75, -21.202 

 115230, 63.031, 12.75, -21.702 

 116001, 79.83, 7.171, -9.601 

 116002, 79.83, 7.171, -10.201 

 116003, 79.83, 7.171, -10.701 

 116004, 79.83, 7.171, -11.201 

 116005, 79.83, 7.171, -11.701 

 116006, 79.83, 7.171, -12.201 

 116007, 79.83, 7.171, -12.701 

 116008, 79.83, 7.171, -13.201 

 116009, 79.83, 7.171, -13.701 

 116010, 79.83, 7.171, -14.201 

 116011, 79.83, 7.171, -14.701 

 116012, 79.83, 7.171, -15.201 

 116013, 79.83, 7.171, -15.701 

 116014, 79.83, 7.171, -16.201 

 116015, 79.83, 7.171, -16.701 

 116016, 79.83, 7.171, -17.201 

 116017, 79.83, 7.171, -17.701 

 116018, 79.83, 7.171, -18.201 

 116019, 79.83, 7.171, -18.701 

 116020, 79.83, 7.171, -19.201 

 116021, 79.83, 7.171, -19.701 

 116022, 79.83, 7.171, -20.201 

 116023, 79.83, 7.171, -20.701 

 116024, 79.83, 7.171, -21.201 

 116025, 79.83, 7.171, -21.701 

 117101, 95.688, 0.175, -9.151 

 117102, 95.688, 0.175, -9.751 

 117103, 95.688, 0.175, -10.251 
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 117104, 95.688, 0.175, -10.751 

 117105, 95.688, 0.175, -11.251 

 117106, 95.688, 0.175, -11.751 

 117107, 95.688, 0.175, -12.251 

 117108, 95.688, 0.175, -12.751 

 117109, 95.688, 0.175, -13.251 

 117110, 95.688, 0.175, -13.751 

 117111, 95.688, 0.175, -14.251 

 117112, 95.688, 0.175, -14.751 

 117113, 95.688, 0.175, -15.251 

 117114, 95.688, 0.175, -15.751 

 117115, 95.688, 0.175, -16.251 

 117116, 95.688, 0.175, -16.751 

 117117, 95.688, 0.175, -17.251 

 117118, 95.688, 0.175, -17.751 

 117119, 95.688, 0.175, -18.251 

 117120, 95.688, 0.175, -18.751 

 117121, 95.688, 0.175, -19.251 

 117122, 95.688, 0.175, -19.751 

 117123, 95.688, 0.175, -20.251 

 117124, 95.688, 0.175, -20.751 

 117125, 95.688, 0.175, -21.251 

 117126, 95.688, 0.175, -21.751 

 117201, 97.483, 8.484, -9.151 

 117202, 97.483, 8.484, -9.751 

 117203, 97.483, 8.484, -10.251 

 117204, 97.483, 8.484, -10.751 

 117205, 97.483, 8.484, -11.251 

 117206, 97.483, 8.484, -11.751 

 117207, 97.483, 8.484, -12.251 

 117208, 97.483, 8.484, -12.751 

 117209, 97.483, 8.484, -13.251 

 117210, 97.483, 8.484, -13.751 

 117211, 97.483, 8.484, -14.251 

 117212, 97.483, 8.484, -14.751 

 117213, 97.483, 8.484, -15.251 

 117214, 97.483, 8.484, -15.751 

 117215, 97.483, 8.484, -16.251 

 117216, 97.483, 8.484, -16.751 

 117217, 97.483, 8.484, -17.251 

 117218, 97.483, 8.484, -17.751 

 117219, 97.483, 8.484, -18.251 

 117220, 97.483, 8.484, -18.751 

 117221, 97.483, 8.484, -19.251 

 117222, 97.483, 8.484, -19.751 

 117223, 97.483, 8.484, -20.251 

 117224, 97.483, 8.484, -20.751 

 117225, 97.483, 8.484, -21.251 

 117226, 97.483, 8.484, -21.751 

 121001, 4.85, -0.377, 0.410999999999999 

 121002, 4.85, -0.377, -0.339000000000001 

 121003, 4.85, -0.377, -0.839000000000001 

 121004, 4.85, -0.377, -1.339 

 121005, 4.85, -0.377, -1.839 

 121006, 4.85, -0.377, -2.339 

 121007, 4.85, -0.377, -2.839 

 121008, 4.85, -0.377, -3.339 

 121009, 4.85, -0.377, -3.839 

 121010, 4.85, -0.377, -4.339 

 121011, 4.85, -0.377, -4.839 

 121012, 4.85, -0.377, -5.339 

 121013, 4.85, -0.377, -5.839 

 121014, 4.85, -0.377, -6.339 

 121015, 4.85, -0.377, -6.839 

 121016, 4.85, -0.377, -7.339 

 121017, 4.85, -0.377, -7.839 

 121018, 4.85, -0.377, -8.339 

 121019, 4.85, -0.377, -8.839 
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 121020, 4.85, -0.377, -9.339 

 121021, 4.85, -0.377, -9.839 

 121022, 4.85, -0.377, -10.339 

 121023, 4.85, -0.377, -10.839 

 121024, 4.85, -0.377, -11.339 

 121025, 4.85, -0.377, -11.839 

 121026, 4.85, -0.377, -12.339 

 121027, 4.85, -0.377, -12.839 

 121028, 4.85, -0.377, -13.339 

 121029, 4.85, -0.377, -13.839 

 121030, 4.85, -0.377, -14.339 

 121031, 4.85, -0.377, -14.839 

 121032, 4.85, -0.377, -15.339 

 121033, 4.85, -0.377, -15.839 

 121034, 4.85, -0.377, -16.339 

 121035, 4.85, -0.377, -16.839 

 131001, 3.888, 2.988, 0.410999999999999 

 131002, 3.888, 2.988, -0.339000000000001 

 131003, 3.888, 2.988, -0.839000000000001 

 131004, 3.888, 2.988, -1.339 

 131005, 3.888, 2.988, -1.839 

 131006, 3.888, 2.988, -2.339 

 131007, 3.888, 2.988, -2.839 

 131008, 3.888, 2.988, -3.339 

 131009, 3.888, 2.988, -3.839 

 131010, 3.888, 2.988, -4.339 

 131011, 3.888, 2.988, -4.839 

 131012, 3.888, 2.988, -5.339 

 131013, 3.888, 2.988, -5.839 

 131014, 3.888, 2.988, -6.339 

 131015, 3.888, 2.988, -6.839 

 131016, 3.888, 2.988, -7.339 

 131017, 3.888, 2.988, -7.839 

 131018, 3.888, 2.988, -8.339 

 131019, 3.888, 2.988, -8.839 

 131020, 3.888, 2.988, -9.339 

 131021, 3.888, 2.988, -9.839 

 131022, 3.888, 2.988, -10.339 

 131023, 3.888, 2.988, -10.839 

 131024, 3.888, 2.988, -11.339 

 131025, 3.888, 2.988, -11.839 

 131026, 3.888, 2.988, -12.339 

 131027, 3.888, 2.988, -12.839 

 131028, 3.888, 2.988, -13.339 

 131029, 3.888, 2.988, -13.839 

 131030, 3.888, 2.988, -14.339 

 131031, 3.888, 2.988, -14.839 

 131032, 3.888, 2.988, -15.339 

 131033, 3.888, 2.988, -15.839 

 131034, 3.888, 2.988, -16.339 

 131035, 3.888, 2.988, -16.839 

 

*ELEMENT    ; Elements 

; iEL, TYPE, iMAT, iPRO, iN1, iN2, ANGLE, iSUB,                     ; Frame  Element 

; iEL, TYPE, iMAT, iPRO, iN1, iN2, ANGLE, iSUB, EXVAL, EXVAL2, bLMT ; Comp/Tens Truss 

; iEL, TYPE, iMAT, iPRO, iN1, iN2, iN3, iN4, iSUB, iWID , LCAXIS    ; Planar Element 

; iEL, TYPE, iMAT, iPRO, iN1, iN2, iN3, iN4, iN5, iN6, iN7, iN8     ; Solid  Element 

     1, BEAM  ,    1,     1,     1,  1082, -17.3,     0 

     2, BEAM  ,    1,     1,     2,  2082, -17.3,     0 

     3, BEAM  ,    1,     1,     3,  3082, -17.3,     0 

     4, BEAM  ,    1,     1,     4,  7082, -17.3,     0 

     5, BEAM  ,    1,     1,     5,  8082, -17.3,     0 

     6, BEAM  ,    1,     1,     6,  9082, -17.3,     0 

   100, BEAM  ,    1,     1,   100,   114,     0,     0 

   101, BEAM  ,    1,     1,   101,   112,     0,     0 

   102, BEAM  ,    1,     1,   102,   113,     0,     0 

   103, BEAM  ,    1,     1,   103,   100,     0,     0 

   104, BEAM  ,    1,     1,   104,   115,     0,     0 
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   105, BEAM  ,    1,     1,   105,   116,     0,     0 

   111, BEAM  ,    1,     1,   111,   101,     0,     0 

   112, BEAM  ,    1,     1,   112,   102,     0,     0 

   113, BEAM  ,    1,     1,   113,   103,     0,     0 

   114, BEAM  ,    1,     1,   114,   104,     0,     0 

   115, BEAM  ,    1,     1,   115,   105,     0,     0 

   116, BEAM  ,    1,     1,   116,   106,     0,     0 

   121, BEAM  ,    1,     1,   111,   121, -17.3,     0 

   122, BEAM  ,    1,     1,   112,   122, -17.3,     0 

   123, BEAM  ,    1,     1,   113,   123, -17.3,     0 

   124, BEAM  ,    1,     1,   114,   124, -17.3,     0 

   125, BEAM  ,    1,     1,   115,   125, -17.3,     0 

   126, BEAM  ,    1,     1,   116,   126, -17.3,     0 

   131, BEAM  ,    1,     1,   101,   131,     0,     0 

   132, BEAM  ,    1,     1,   102,   132,     0,     0 

   133, BEAM  ,    1,     1,   103,   133,     0,     0 

   134, BEAM  ,    1,     1,   104,   134,     0,     0 

   135, BEAM  ,    1,     1,   105,   135,     0,     0 

   136, BEAM  ,    1,     1,   106,   136,     0,     0 

   141, BEAM  ,    1,     1,   131,   141, -17.3,     0 

   142, BEAM  ,    1,     1,   132,   142, -17.3,     0 

   143, BEAM  ,    1,     1,   133,   143, -17.3,     0 

   144, BEAM  ,    1,     1,   134,   144, -17.3,     0 

   145, BEAM  ,    1,     1,   135,   145, -17.3,     0 

   146, BEAM  ,    1,     1,   136,   146, -17.3,     0 

   201, BEAM  ,    4,    81,  1001,  5004,     0,     0 

   202, BEAM  ,    4,    81,  9001,  5004,     0,     0 

   203, BEAM  ,    4,    81,  1004,  5010,     0,     0 

   204, BEAM  ,    4,    81,  9004,  5010,     0,     0 

   205, BEAM  ,    4,    81,  1010,  3016,     0,     0 

   206, BEAM  ,    4,    81,  9010,  7016,     0,     0 

   207, BEAM  ,    4,    81,  3016,  1022,     0,     0 

   208, BEAM  ,    4,    81,  7016,  9022,     0,     0 

   209, BEAM  ,    4,    81,  5022,  1028,     0,     0 

   210, BEAM  ,    4,    81,  5022,  9028,     0,     0 

   211, BEAM  ,    4,    81,  5028,  3034,     0,     0 

   212, BEAM  ,    4,    81,  5028,  7034,     0,     0 

   213, BEAM  ,    4,    81,  1034,  3040,     0,     0 

   214, BEAM  ,    4,    81,  9034,  7040,     0,     0 

   215, BEAM  ,    4,    81,  3040,  1046,     0,     0 

   216, BEAM  ,    4,    81,  7040,  9046,     0,     0 

   217, BEAM  ,    4,    81,  5046,  1052,     0,     0 

   218, BEAM  ,    4,    81,  5046,  9052,     0,     0 

   219, BEAM  ,    4,    81,  5052,  1058,     0,     0 

   220, BEAM  ,    4,    81,  5052,  9058,     0,     0 

   221, BEAM  ,    4,    81,  1058,  5064,     0,     0 

   222, BEAM  ,    4,    81,  9058,  5064,     0,     0 

   223, BEAM  ,    4,    81,  1064,  5070,     0,     0 

   224, BEAM  ,    4,    81,  9064,  5070,     0,     0 

   225, BEAM  ,    4,    81,  1070,  3076,     0,     0 

   226, BEAM  ,    4,    81,  9070,  7076,     0,     0 

   227, BEAM  ,    4,    81,  3076,  1082,     0,     0 

   228, BEAM  ,    4,    81,  7076,  9082,     0,     0 

   301, BEAM  ,    4,    81,  5001,  1004,     0,     0 

   302, BEAM  ,    4,    81,  5001,  9004,     0,     0 

   303, BEAM  ,    4,    81,  5004,  3010,     0,     0 

   304, BEAM  ,    4,    81,  5004,  7010,     0,     0 

   305, BEAM  ,    4,    81,  3010,  1016,     0,     0 

   306, BEAM  ,    4,    81,  7010,  9016,     0,     0 

   307, BEAM  ,    4,    81,  1016,  3022,     0,     0 

   308, BEAM  ,    4,    81,  9016,  7022,     0,     0 

   309, BEAM  ,    4,    81,  3022,  5028,     0,     0 

   310, BEAM  ,    4,    81,  7022,  5028,     0,     0 

   311, BEAM  ,    4,    81,  1028,  5034,     0,     0 

   312, BEAM  ,    4,    81,  9028,  5034,     0,     0 

   313, BEAM  ,    4,    81,  3034,  1040,     0,     0 

   314, BEAM  ,    4,    81,  7034,  9040,     0,     0 

   315, BEAM  ,    4,    81,  1040,  3046,     0,     0 
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   316, BEAM  ,    4,    81,  9040,  7046,     0,     0 

   317, BEAM  ,    4,    81,  3046,  5052,     0,     0 

   318, BEAM  ,    4,    81,  7046,  5052,     0,     0 

   319, BEAM  ,    4,    81,  1052,  5058,     0,     0 

   320, BEAM  ,    4,    81,  9052,  5058,     0,     0 

   321, BEAM  ,    4,    81,  5058,  1064,     0,     0 

   322, BEAM  ,    4,    81,  5058,  9064,     0,     0 

   323, BEAM  ,    4,    81,  5064,  3070,     0,     0 

   324, BEAM  ,    4,    81,  5064,  7070,     0,     0 

   325, BEAM  ,    4,    81,  3070,  1076,     0,     0 

   326, BEAM  ,    4,    81,  7070,  9076,     0,     0 

   327, BEAM  ,    4,    81,  1076,  3082,     0,     0 

   328, BEAM  ,    4,    81,  9076,  7082,     0,     0 

  1001, BEAM  ,    3,     6,  1001,  1002,     0,     0 

  1002, BEAM  ,    3,     6,  1002,  1003,     0,     0 

  1003, BEAM  ,    3,     6,  1003,  1004,     0,     0 

  1004, BEAM  ,    3,     6,  1004,  1005,     0,     0 

  1005, BEAM  ,    3,     6,  1005,  1006,     0,     0 

  1006, BEAM  ,    3,     6,  1006,  1007,     0,     0 

  1007, BEAM  ,    3,     6,  1007,  1008,     0,     0 

  1008, BEAM  ,    3,     6,  1008,  1009,     0,     0 

  1009, BEAM  ,    3,     6,  1009,  1010,     0,     0 

  1010, BEAM  ,    3,     6,  1010,  1011,     0,     0 

  1011, BEAM  ,    3,     6,  1011,  1012,     0,     0 

  1012, BEAM  ,    3,     6,  1012,  1013,     0,     0 

  1013, BEAM  ,    3,     6,  1013,  1014,     0,     0 

  1014, BEAM  ,    3,     6,  1014,  1015,     0,     0 

  1015, BEAM  ,    3,     6,  1015,  1016,     0,     0 

  1016, BEAM  ,    3,     6,  1016,  1017,     0,     0 

  1017, BEAM  ,    3,     6,  1017,  1018,     0,     0 

  1018, BEAM  ,    3,     6,  1018,  1019,     0,     0 

  1019, BEAM  ,    3,     6,  1019,  1020,     0,     0 

  1020, BEAM  ,    3,     6,  1020,  1021,     0,     0 

  1021, BEAM  ,    3,     6,  1021,  1022,     0,     0 

  1022, BEAM  ,    3,     6,  1022,  1023,     0,     0 

  1023, BEAM  ,    3,     6,  1023,  1024,     0,     0 

  1024, BEAM  ,    3,     6,  1024,  1025,     0,     0 

  1025, BEAM  ,    3,     6,  1025,  1026,     0,     0 

  1026, BEAM  ,    3,     6,  1026,  1027,     0,     0 

  1027, BEAM  ,    3,     6,  1027,  1028,     0,     0 

  1028, BEAM  ,    3,     6,  1028,  1029,     0,     0 

  1029, BEAM  ,    3,     6,  1029,  1030,     0,     0 

  1030, BEAM  ,    3,     6,  1030,  1031,     0,     0 

  1031, BEAM  ,    3,     6,  1031,  1032,     0,     0 

  1032, BEAM  ,    3,     6,  1032,  1033,     0,     0 

  1033, BEAM  ,    3,     6,  1033,  1034,     0,     0 

  1034, BEAM  ,    3,     6,  1034,  1035,     0,     0 

  1035, BEAM  ,    3,     6,  1035,  1036,     0,     0 

  1036, BEAM  ,    3,     6,  1036,  1037,     0,     0 

  1037, BEAM  ,    3,     6,  1037,  1038,     0,     0 

  1038, BEAM  ,    3,     6,  1038,  1039,     0,     0 

  1039, BEAM  ,    3,     6,  1039,  1040,     0,     0 

  1040, BEAM  ,    3,     6,  1040,  1041,     0,     0 

  1041, BEAM  ,    3,     6,  1041,  1042,     0,     0 

  1042, BEAM  ,    3,     6,  1042,  1043,     0,     0 

  1043, BEAM  ,    3,     6,  1043,  1044,     0,     0 

  1044, BEAM  ,    3,     6,  1044,  1045,     0,     0 

  1045, BEAM  ,    3,     6,  1045,  1046,     0,     0 

  1046, BEAM  ,    3,     6,  1046,  1047,     0,     0 

  1047, BEAM  ,    3,     6,  1047,  1048,     0,     0 

  1048, BEAM  ,    3,     6,  1048,  1049,     0,     0 

  1049, BEAM  ,    3,     5,  1049,  1050,     0,     0 

  1050, BEAM  ,    3,     5,  1050,  1051,     0,     0 

  1051, BEAM  ,    3,     5,  1051,  1052,     0,     0 

  1052, BEAM  ,    3,     5,  1052,  1053,     0,     0 

  1053, BEAM  ,    3,     5,  1053,  1054,     0,     0 

  1054, BEAM  ,    3,     5,  1054,  1055,     0,     0 

  1055, BEAM  ,    3,     5,  1055,  1056,     0,     0 
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  1056, BEAM  ,    3,     5,  1056,  1057,     0,     0 

  1057, BEAM  ,    3,     5,  1057,  1058,     0,     0 

  1058, BEAM  ,    3,     5,  1058,  1059,     0,     0 

  1059, BEAM  ,    3,     5,  1059,  1060,     0,     0 

  1060, BEAM  ,    3,     5,  1060,  1061,     0,     0 

  1061, BEAM  ,    3,     5,  1061,  1062,     0,     0 

  1062, BEAM  ,    3,     5,  1062,  1063,     0,     0 

  1063, BEAM  ,    3,     5,  1063,  1064,     0,     0 

  1064, BEAM  ,    3,     5,  1064,  1065,     0,     0 

  1065, BEAM  ,    3,     5,  1065,  1066,     0,     0 

  1066, BEAM  ,    3,     5,  1066,  1067,     0,     0 

  1067, BEAM  ,    3,     6,  1067,  1068,     0,     0 

  1068, BEAM  ,    3,     6,  1068,  1069,     0,     0 

  1069, BEAM  ,    3,     6,  1069,  1070,     0,     0 

  1070, BEAM  ,    3,     6,  1070,  1071,     0,     0 

  1071, BEAM  ,    3,     6,  1071,  1072,     0,     0 

  1072, BEAM  ,    3,     6,  1072,  1073,     0,     0 

  1073, BEAM  ,    3,     6,  1073,  1074,     0,     0 

  1074, BEAM  ,    3,     6,  1074,  1075,     0,     0 

  1075, BEAM  ,    3,     6,  1075,  1076,     0,     0 

  1076, BEAM  ,    3,     6,  1076,  1077,     0,     0 

  1077, BEAM  ,    3,     6,  1077,  1078,     0,     0 

  1078, BEAM  ,    3,     6,  1078,  1079,     0,     0 

  1079, BEAM  ,    3,     6,  1079,  1080,     0,     0 

  1080, BEAM  ,    3,     6,  1080,  1081,     0,     0 

  1081, BEAM  ,    3,     6,  1081,  1082,     0,     0 

  3007, BEAM  ,    3,     3,  1007,  3008,     0,     0 

  3008, BEAM  ,    3,     3,  3008,  3009,     0,     0 

  3009, BEAM  ,    3,     3,  3009,  3010,     0,     0 

  3010, BEAM  ,    3,     3,  3010,  3011,     0,     0 

  3011, BEAM  ,    3,     3,  3011,  3012,     0,     0 

  3012, BEAM  ,    3,     3,  3012,  3013,     0,     0 

  3013, BEAM  ,    3,     6,  3013,  3014,     0,     0 

  3014, BEAM  ,    3,     6,  3014,  3015,     0,     0 

  3015, BEAM  ,    3,     6,  3015,  3016,     0,     0 

  3016, BEAM  ,    3,     6,  3016,  3017,     0,     0 

  3017, BEAM  ,    3,     6,  3017,  3018,     0,     0 

  3018, BEAM  ,    3,     6,  3018,  3019,     0,     0 

  3019, BEAM  ,    3,     3,  3019,  3020,     0,     0 

  3020, BEAM  ,    3,     3,  3020,  3021,     0,     0 

  3021, BEAM  ,    3,     3,  3021,  3022,     0,     0 

  3022, BEAM  ,    3,     3,  3022,  3023,     0,     0 

  3023, BEAM  ,    3,     3,  3023,  3024,     0,     0 

  3024, BEAM  ,    3,     3,  3024,  1025,     0,     0 

  3031, BEAM  ,    3,     3,  1031,  3032,     0,     0 

  3032, BEAM  ,    3,     3,  3032,  3033,     0,     0 

  3033, BEAM  ,    3,     3,  3033,  3034,     0,     0 

  3034, BEAM  ,    3,     3,  3034,  3035,     0,     0 

  3035, BEAM  ,    3,     3,  3035,  3036,     0,     0 

  3036, BEAM  ,    3,     3,  3036,  3037,     0,     0 

  3037, BEAM  ,    3,     6,  3037,  3038,     0,     0 

  3038, BEAM  ,    3,     6,  3038,  3039,     0,     0 

  3039, BEAM  ,    3,     6,  3039,  3040,     0,     0 

  3040, BEAM  ,    3,     6,  3040,  3041,     0,     0 

  3041, BEAM  ,    3,     6,  3041,  3042,     0,     0 

  3042, BEAM  ,    3,     6,  3042,  3043,     0,     0 

  3043, BEAM  ,    3,     3,  3043,  3044,     0,     0 

  3044, BEAM  ,    3,     3,  3044,  3045,     0,     0 

  3045, BEAM  ,    3,     3,  3045,  3046,     0,     0 

  3046, BEAM  ,    3,     3,  3046,  3047,     0,     0 

  3047, BEAM  ,    3,     3,  3047,  3048,     0,     0 

  3048, BEAM  ,    3,     3,  3048,  1049,     0,     0 

  3067, BEAM  ,    3,     3,  1067,  3068,     0,     0 

  3068, BEAM  ,    3,     3,  3068,  3069,     0,     0 

  3069, BEAM  ,    3,     3,  3069,  3070,     0,     0 

  3070, BEAM  ,    3,     3,  3070,  3071,     0,     0 

  3071, BEAM  ,    3,     3,  3071,  3072,     0,     0 

  3072, BEAM  ,    3,     3,  3072,  3073,     0,     0 
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  3073, BEAM  ,    3,     6,  3073,  3074,     0,     0 

  3074, BEAM  ,    3,     6,  3074,  3075,     0,     0 

  3075, BEAM  ,    3,     6,  3075,  3076,     0,     0 

  3076, BEAM  ,    3,     6,  3076,  3077,     0,     0 

  3077, BEAM  ,    3,     6,  3077,  3078,     0,     0 

  3078, BEAM  ,    3,     6,  3078,  3079,     0,     0 

  3079, BEAM  ,    3,     3,  3079,  3080,     0,     0 

  3080, BEAM  ,    3,     3,  3080,  3081,     0,     0 

  3081, BEAM  ,    3,     3,  3081,  3082,     0,     0 

  4010, BEAM  ,    3,     6,  5010,  4011,     0,     0 

  4011, BEAM  ,    3,     6,  4011,  4012,     0,     0 

  4012, BEAM  ,    3,     6,  4012,  3013,     0,     0 

  4019, BEAM  ,    3,     6,  3019,  4020,     0,     0 

  4020, BEAM  ,    3,     6,  4020,  4021,     0,     0 

  4021, BEAM  ,    3,     6,  4021,  5022,     0,     0 

  4034, BEAM  ,    3,     6,  5034,  4035,     0,     0 

  4035, BEAM  ,    3,     6,  4035,  4036,     0,     0 

  4036, BEAM  ,    3,     6,  4036,  3037,     0,     0 

  4043, BEAM  ,    3,     6,  3043,  4044,     0,     0 

  4044, BEAM  ,    3,     6,  4044,  4045,     0,     0 

  4045, BEAM  ,    3,     6,  4045,  5046,     0,     0 

  4070, BEAM  ,    3,     6,  5070,  4071,     0,     0 

  4071, BEAM  ,    3,     6,  4071,  4072,     0,     0 

  4072, BEAM  ,    3,     6,  4072,  3073,     0,     0 

  4079, BEAM  ,    3,     6,  3079,  4080,     0,     0 

  4080, BEAM  ,    3,     6,  4080,  4081,     0,     0 

  4081, BEAM  ,    3,     6,  4081,  5082,     0,     0 

  5001, BEAM  ,    3,     2,  5001,  5002,     0,     0 

  5002, BEAM  ,    3,     2,  5002,  5003,     0,     0 

  5003, BEAM  ,    3,     2,  5003,  5004,     0,     0 

  5004, BEAM  ,    3,     2,  5004,  5005,     0,     0 

  5005, BEAM  ,    3,     2,  5005,  5006,     0,     0 

  5006, BEAM  ,    3,     2,  5006,  5007,     0,     0 

  5007, BEAM  ,    3,     2,  5007,  5008,     0,     0 

  5008, BEAM  ,    3,     2,  5008,  5009,     0,     0 

  5009, BEAM  ,    3,     2,  5009,  5010,     0,     0 

  5022, BEAM  ,    3,     2,  5022,  5023,     0,     0 

  5023, BEAM  ,    3,     2,  5023,  5024,     0,     0 

  5024, BEAM  ,    3,     2,  5024,  5025,     0,     0 

  5025, BEAM  ,    3,     2,  5025,  5026,     0,     0 

  5026, BEAM  ,    3,     2,  5026,  5027,     0,     0 

  5027, BEAM  ,    3,     2,  5027,  5028,     0,     0 

  5028, BEAM  ,    3,     2,  5028,  5029,     0,     0 

  5029, BEAM  ,    3,     2,  5029,  5030,     0,     0 

  5030, BEAM  ,    3,     2,  5030,  5031,     0,     0 

  5031, BEAM  ,    3,     2,  5031,  5032,     0,     0 

  5032, BEAM  ,    3,     2,  5032,  5033,     0,     0 

  5033, BEAM  ,    3,     2,  5033,  5034,     0,     0 

  5046, BEAM  ,    3,     2,  5046,  5047,     0,     0 

  5047, BEAM  ,    3,     2,  5047,  5048,     0,     0 

  5048, BEAM  ,    3,     2,  5048,  5049,     0,     0 

  5049, BEAM  ,    3,     2,  5049,  5050,     0,     0 

  5050, BEAM  ,    3,     2,  5050,  5051,     0,     0 

  5051, BEAM  ,    3,     2,  5051,  5052,     0,     0 

  5052, BEAM  ,    3,     2,  5052,  5053,     0,     0 

  5053, BEAM  ,    3,     2,  5053,  5054,     0,     0 

  5054, BEAM  ,    3,     2,  5054,  5055,     0,     0 

  5055, BEAM  ,    3,     2,  5055,  5056,     0,     0 

  5056, BEAM  ,    3,     2,  5056,  5057,     0,     0 

  5057, BEAM  ,    3,     2,  5057,  5058,     0,     0 

  5058, BEAM  ,    3,     2,  5058,  5059,     0,     0 

  5059, BEAM  ,    3,     2,  5059,  5060,     0,     0 

  5060, BEAM  ,    3,     2,  5060,  5061,     0,     0 

  5061, BEAM  ,    3,     2,  5061,  5062,     0,     0 

  5062, BEAM  ,    3,     2,  5062,  5063,     0,     0 

  5063, BEAM  ,    3,     2,  5063,  5064,     0,     0 

  5064, BEAM  ,    3,     2,  5064,  5065,     0,     0 

  5065, BEAM  ,    3,     2,  5065,  5066,     0,     0 
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  5066, BEAM  ,    3,     2,  5066,  5067,     0,     0 

  5067, BEAM  ,    3,     2,  5067,  5068,     0,     0 

  5068, BEAM  ,    3,     2,  5068,  5069,     0,     0 

  5069, BEAM  ,    3,     2,  5069,  5070,     0,     0 

  6010, BEAM  ,    3,     6,  5010,  6011,     0,     0 

  6011, BEAM  ,    3,     6,  6011,  6012,     0,     0 

  6012, BEAM  ,    3,     6,  6012,  7013,     0,     0 

  6019, BEAM  ,    3,     6,  7019,  6020,     0,     0 

  6020, BEAM  ,    3,     6,  6020,  6021,     0,     0 

  6021, BEAM  ,    3,     6,  6021,  5022,     0,     0 

  6034, BEAM  ,    3,     6,  5034,  6035,     0,     0 

  6035, BEAM  ,    3,     6,  6035,  6036,     0,     0 

  6036, BEAM  ,    3,     6,  6036,  7037,     0,     0 

  6043, BEAM  ,    3,     6,  7043,  6044,     0,     0 

  6044, BEAM  ,    3,     6,  6044,  6045,     0,     0 

  6045, BEAM  ,    3,     6,  6045,  5046,     0,     0 

  6070, BEAM  ,    3,     6,  5070,  6071,     0,     0 

  6071, BEAM  ,    3,     6,  6071,  6072,     0,     0 

  6072, BEAM  ,    3,     6,  6072,  7073,     0,     0 

  6079, BEAM  ,    3,     6,  7079,  6080,     0,     0 

  6080, BEAM  ,    3,     6,  6080,  6081,     0,     0 

  6081, BEAM  ,    3,     6,  6081,  5082,     0,     0 

  7007, BEAM  ,    3,     3,  9007,  7008,     0,     0 

  7008, BEAM  ,    3,     3,  7008,  7009,     0,     0 

  7009, BEAM  ,    3,     3,  7009,  7010,     0,     0 

  7010, BEAM  ,    3,     3,  7010,  7011,     0,     0 

  7011, BEAM  ,    3,     3,  7011,  7012,     0,     0 

  7012, BEAM  ,    3,     3,  7012,  7013,     0,     0 

  7013, BEAM  ,    3,     6,  7013,  7014,     0,     0 

  7014, BEAM  ,    3,     6,  7014,  7015,     0,     0 

  7015, BEAM  ,    3,     6,  7015,  7016,     0,     0 

  7016, BEAM  ,    3,     6,  7016,  7017,     0,     0 

  7017, BEAM  ,    3,     6,  7017,  7018,     0,     0 

  7018, BEAM  ,    3,     6,  7018,  7019,     0,     0 

  7019, BEAM  ,    3,     3,  7019,  7020,     0,     0 

  7020, BEAM  ,    3,     3,  7020,  7021,     0,     0 

  7021, BEAM  ,    3,     3,  7021,  7022,     0,     0 

  7022, BEAM  ,    3,     3,  7022,  7023,     0,     0 

  7023, BEAM  ,    3,     3,  7023,  7024,     0,     0 

  7024, BEAM  ,    3,     3,  7024,  9025,     0,     0 

  7031, BEAM  ,    3,     3,  9031,  7032,     0,     0 

  7032, BEAM  ,    3,     3,  7032,  7033,     0,     0 

  7033, BEAM  ,    3,     3,  7033,  7034,     0,     0 

  7034, BEAM  ,    3,     3,  7034,  7035,     0,     0 

  7035, BEAM  ,    3,     3,  7035,  7036,     0,     0 

  7036, BEAM  ,    3,     3,  7036,  7037,     0,     0 

  7037, BEAM  ,    3,     6,  7037,  7038,     0,     0 

  7038, BEAM  ,    3,     6,  7038,  7039,     0,     0 

  7039, BEAM  ,    3,     6,  7039,  7040,     0,     0 

  7040, BEAM  ,    3,     6,  7040,  7041,     0,     0 

  7041, BEAM  ,    3,     6,  7041,  7042,     0,     0 

  7042, BEAM  ,    3,     6,  7042,  7043,     0,     0 

  7043, BEAM  ,    3,     3,  7043,  7044,     0,     0 

  7044, BEAM  ,    3,     3,  7044,  7045,     0,     0 

  7045, BEAM  ,    3,     3,  7045,  7046,     0,     0 

  7046, BEAM  ,    3,     3,  7046,  7047,     0,     0 

  7047, BEAM  ,    3,     3,  7047,  7048,     0,     0 

  7048, BEAM  ,    3,     3,  7048,  9049,     0,     0 

  7067, BEAM  ,    3,     3,  9067,  7068,     0,     0 

  7068, BEAM  ,    3,     3,  7068,  7069,     0,     0 

  7069, BEAM  ,    3,     3,  7069,  7070,     0,     0 

  7070, BEAM  ,    3,     3,  7070,  7071,     0,     0 

  7071, BEAM  ,    3,     3,  7071,  7072,     0,     0 

  7072, BEAM  ,    3,     3,  7072,  7073,     0,     0 

  7073, BEAM  ,    3,     6,  7073,  7074,     0,     0 

  7074, BEAM  ,    3,     6,  7074,  7075,     0,     0 

  7075, BEAM  ,    3,     6,  7075,  7076,     0,     0 

  7076, BEAM  ,    3,     6,  7076,  7077,     0,     0 
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  7077, BEAM  ,    3,     6,  7077,  7078,     0,     0 

  7078, BEAM  ,    3,     6,  7078,  7079,     0,     0 

  7079, BEAM  ,    3,     3,  7079,  7080,     0,     0 

  7080, BEAM  ,    3,     3,  7080,  7081,     0,     0 

  7081, BEAM  ,    3,     3,  7081,  7082,     0,     0 

  9001, BEAM  ,    3,     6,  9001,  9002,     0,     0 

  9002, BEAM  ,    3,     6,  9002,  9003,     0,     0 

  9003, BEAM  ,    3,     6,  9003,  9004,     0,     0 

  9004, BEAM  ,    3,     6,  9004,  9005,     0,     0 

  9005, BEAM  ,    3,     6,  9005,  9006,     0,     0 

  9006, BEAM  ,    3,     6,  9006,  9007,     0,     0 

  9007, BEAM  ,    3,     6,  9007,  9008,     0,     0 

  9008, BEAM  ,    3,     6,  9008,  9009,     0,     0 

  9009, BEAM  ,    3,     6,  9009,  9010,     0,     0 

  9010, BEAM  ,    3,     6,  9010,  9011,     0,     0 

  9011, BEAM  ,    3,     6,  9011,  9012,     0,     0 

  9012, BEAM  ,    3,     6,  9012,  9013,     0,     0 

  9013, BEAM  ,    3,     6,  9013,  9014,     0,     0 

  9014, BEAM  ,    3,     6,  9014,  9015,     0,     0 

  9015, BEAM  ,    3,     6,  9015,  9016,     0,     0 

  9016, BEAM  ,    3,     6,  9016,  9017,     0,     0 

  9017, BEAM  ,    3,     6,  9017,  9018,     0,     0 

  9018, BEAM  ,    3,     6,  9018,  9019,     0,     0 

  9019, BEAM  ,    3,     6,  9019,  9020,     0,     0 

  9020, BEAM  ,    3,     6,  9020,  9021,     0,     0 

  9021, BEAM  ,    3,     6,  9021,  9022,     0,     0 

  9022, BEAM  ,    3,     6,  9022,  9023,     0,     0 

  9023, BEAM  ,    3,     6,  9023,  9024,     0,     0 

  9024, BEAM  ,    3,     6,  9024,  9025,     0,     0 

  9025, BEAM  ,    3,     6,  9025,  9026,     0,     0 

  9026, BEAM  ,    3,     6,  9026,  9027,     0,     0 

  9027, BEAM  ,    3,     6,  9027,  9028,     0,     0 

  9028, BEAM  ,    3,     6,  9028,  9029,     0,     0 

  9029, BEAM  ,    3,     6,  9029,  9030,     0,     0 

  9030, BEAM  ,    3,     6,  9030,  9031,     0,     0 

  9031, BEAM  ,    3,     6,  9031,  9032,     0,     0 

  9032, BEAM  ,    3,     6,  9032,  9033,     0,     0 

  9033, BEAM  ,    3,     6,  9033,  9034,     0,     0 

  9034, BEAM  ,    3,     6,  9034,  9035,     0,     0 

  9035, BEAM  ,    3,     6,  9035,  9036,     0,     0 

  9036, BEAM  ,    3,     6,  9036,  9037,     0,     0 

  9037, BEAM  ,    3,     6,  9037,  9038,     0,     0 

  9038, BEAM  ,    3,     6,  9038,  9039,     0,     0 

  9039, BEAM  ,    3,     6,  9039,  9040,     0,     0 

  9040, BEAM  ,    3,     6,  9040,  9041,     0,     0 

  9041, BEAM  ,    3,     6,  9041,  9042,     0,     0 

  9042, BEAM  ,    3,     6,  9042,  9043,     0,     0 

  9043, BEAM  ,    3,     6,  9043,  9044,     0,     0 

  9044, BEAM  ,    3,     6,  9044,  9045,     0,     0 

  9045, BEAM  ,    3,     6,  9045,  9046,     0,     0 

  9046, BEAM  ,    3,     6,  9046,  9047,     0,     0 

  9047, BEAM  ,    3,     6,  9047,  9048,     0,     0 

  9048, BEAM  ,    3,     6,  9048,  9049,     0,     0 

  9049, BEAM  ,    3,     5,  9049,  9050,     0,     0 

  9050, BEAM  ,    3,     5,  9050,  9051,     0,     0 

  9051, BEAM  ,    3,     5,  9051,  9052,     0,     0 

  9052, BEAM  ,    3,     5,  9052,  9053,     0,     0 

  9053, BEAM  ,    3,     5,  9053,  9054,     0,     0 

  9054, BEAM  ,    3,     5,  9054,  9055,     0,     0 

  9055, BEAM  ,    3,     5,  9055,  9056,     0,     0 

  9056, BEAM  ,    3,     5,  9056,  9057,     0,     0 

  9057, BEAM  ,    3,     5,  9057,  9058,     0,     0 

  9058, BEAM  ,    3,     5,  9058,  9059,     0,     0 

  9059, BEAM  ,    3,     5,  9059,  9060,     0,     0 

  9060, BEAM  ,    3,     5,  9060,  9061,     0,     0 

  9061, BEAM  ,    3,     5,  9061,  9062,     0,     0 

  9062, BEAM  ,    3,     5,  9062,  9063,     0,     0 

  9063, BEAM  ,    3,     5,  9063,  9064,     0,     0 
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  9064, BEAM  ,    3,     5,  9064,  9065,     0,     0 

  9065, BEAM  ,    3,     5,  9065,  9066,     0,     0 

  9066, BEAM  ,    3,     5,  9066,  9067,     0,     0 

  9067, BEAM  ,    3,     6,  9067,  9068,     0,     0 

  9068, BEAM  ,    3,     6,  9068,  9069,     0,     0 

  9069, BEAM  ,    3,     6,  9069,  9070,     0,     0 

  9070, BEAM  ,    3,     6,  9070,  9071,     0,     0 

  9071, BEAM  ,    3,     6,  9071,  9072,     0,     0 

  9072, BEAM  ,    3,     6,  9072,  9073,     0,     0 

  9073, BEAM  ,    3,     6,  9073,  9074,     0,     0 

  9074, BEAM  ,    3,     6,  9074,  9075,     0,     0 

  9075, BEAM  ,    3,     6,  9075,  9076,     0,     0 

  9076, BEAM  ,    3,     6,  9076,  9077,     0,     0 

  9077, BEAM  ,    3,     6,  9077,  9078,     0,     0 

  9078, BEAM  ,    3,     6,  9078,  9079,     0,     0 

  9079, BEAM  ,    3,     6,  9079,  9080,     0,     0 

  9080, BEAM  ,    3,     6,  9080,  9081,     0,     0 

  9081, BEAM  ,    3,     6,  9081,  9082,     0,     0 

 11001, BEAM  ,    3,     4,  1001,  5001,     0,     0 

 11002, BEAM  ,    3,     7,  1002,  5002,     0,     0 

 11003, BEAM  ,    3,     7,  1003,  5003,     0,     0 

 11004, BEAM  ,    3,     3,  1004,  2004,     0,     0 

 11005, BEAM  ,    3,     7,  1005,  5005,     0,     0 

 11006, BEAM  ,    3,     7,  1006,  5006,     0,     0 

 11007, BEAM  ,    3,     7,  1007,  5007,     0,     0 

 11008, BEAM  ,    3,     7,  1008,  3008,     0,     0 

 11009, BEAM  ,    3,     7,  1009,  3009,     0,     0 

 11010, BEAM  ,    3,     3,  1010,  2010,     0,     0 

 11011, BEAM  ,    3,     7,  1011,  3011,     0,     0 

 11012, BEAM  ,    3,     7,  1012,  3012,     0,     0 

 11013, BEAM  ,    3,     7,  1013,  3013,     0,     0 

 11014, BEAM  ,    3,     7,  1014,  3014,     0,     0 

 11015, BEAM  ,    3,     7,  1015,  3015,     0,     0 

 11016, BEAM  ,    3,     4,  1016,  3016,     0,     0 

 11017, BEAM  ,    3,     7,  1017,  3017,     0,     0 

 11018, BEAM  ,    3,     7,  1018,  3018,     0,     0 

 11019, BEAM  ,    3,     7,  1019,  3019,     0,     0 

 11020, BEAM  ,    3,     7,  1020,  3020,     0,     0 

 11021, BEAM  ,    3,     7,  1021,  3021,     0,     0 

 11022, BEAM  ,    3,     3,  1022,  2022,     0,     0 

 11023, BEAM  ,    3,     7,  1023,  3023,     0,     0 

 11024, BEAM  ,    3,     7,  1024,  3024,     0,     0 

 11025, BEAM  ,    3,     7,  1025,  5025,     0,     0 

 11026, BEAM  ,    3,     7,  1026,  5026,     0,     0 

 11027, BEAM  ,    3,     7,  1027,  5027,     0,     0 

 11028, BEAM  ,    3,     4,  1028,  5028,     0,     0 

 11029, BEAM  ,    3,     7,  1029,  5029,     0,     0 

 11030, BEAM  ,    3,     7,  1030,  5030,     0,     0 

 11031, BEAM  ,    3,     7,  1031,  5031,     0,     0 

 11032, BEAM  ,    3,     7,  1032,  3032,     0,     0 

 11033, BEAM  ,    3,     7,  1033,  3033,     0,     0 

 11034, BEAM  ,    3,     3,  1034,  2034,     0,     0 

 11035, BEAM  ,    3,     7,  1035,  3035,     0,     0 

 11036, BEAM  ,    3,     7,  1036,  3036,     0,     0 

 11037, BEAM  ,    3,     7,  1037,  3037,     0,     0 

 11038, BEAM  ,    3,     7,  1038,  3038,     0,     0 

 11039, BEAM  ,    3,     7,  1039,  3039,     0,     0 

 11040, BEAM  ,    3,     4,  1040,  3040,     0,     0 

 11041, BEAM  ,    3,     7,  1041,  3041,     0,     0 

 11042, BEAM  ,    3,     7,  1042,  3042,     0,     0 

 11043, BEAM  ,    3,     7,  1043,  3043,     0,     0 

 11044, BEAM  ,    3,     7,  1044,  3044,     0,     0 

 11045, BEAM  ,    3,     7,  1045,  3045,     0,     0 

 11046, BEAM  ,    3,     3,  1046,  2046,     0,     0 

 11047, BEAM  ,    3,     7,  1047,  3047,     0,     0 

 11048, BEAM  ,    3,     7,  1048,  3048,     0,     0 

 11049, BEAM  ,    3,     7,  1049,  5049,     0,     0 

 11050, BEAM  ,    3,     7,  1050,  5050,     0,     0 
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 11051, BEAM  ,    3,     7,  1051,  5051,     0,     0 

 11052, BEAM  ,    3,     4,  1052,  5052,     0,     0 

 11053, BEAM  ,    3,     7,  1053,  5053,     0,     0 

 11054, BEAM  ,    3,     7,  1054,  5054,     0,     0 

 11055, BEAM  ,    3,     7,  1055,  5055,     0,     0 

 11056, BEAM  ,    3,     7,  1056,  5056,     0,     0 

 11057, BEAM  ,    3,     7,  1057,  5057,     0,     0 

 11058, BEAM  ,    3,     3,  1058,  2058,     0,     0 

 11059, BEAM  ,    3,     7,  1059,  5059,     0,     0 

 11060, BEAM  ,    3,     7,  1060,  5060,     0,     0 

 11061, BEAM  ,    3,     7,  1061,  5061,     0,     0 

 11062, BEAM  ,    3,     7,  1062,  5062,     0,     0 

 11063, BEAM  ,    3,     7,  1063,  5063,     0,     0 

 11064, BEAM  ,    3,     4,  1064,  5064,     0,     0 

 11065, BEAM  ,    3,     7,  1065,  5065,     0,     0 

 11066, BEAM  ,    3,     7,  1066,  5066,     0,     0 

 11067, BEAM  ,    3,     7,  1067,  5067,     0,     0 

 11068, BEAM  ,    3,     7,  1068,  3068,     0,     0 

 11069, BEAM  ,    3,     7,  1069,  3069,     0,     0 

 11070, BEAM  ,    3,     3,  1070,  2070,     0,     0 

 11071, BEAM  ,    3,     7,  1071,  3071,     0,     0 

 11072, BEAM  ,    3,     7,  1072,  3072,     0,     0 

 11073, BEAM  ,    3,     7,  1073,  3073,     0,     0 

 11074, BEAM  ,    3,     7,  1074,  3074,     0,     0 

 11075, BEAM  ,    3,     7,  1075,  3075,     0,     0 

 11076, BEAM  ,    3,     4,  1076,  3076,     0,     0 

 11077, BEAM  ,    3,     7,  1077,  3077,     0,     0 

 11078, BEAM  ,    3,     7,  1078,  3078,     0,     0 

 11079, BEAM  ,    3,     7,  1079,  3079,     0,     0 

 11080, BEAM  ,    3,     7,  1080,  3080,     0,     0 

 11081, BEAM  ,    3,     7,  1081,  3081,     0,     0 

 11082, BEAM  ,    3,     2,  1082,  2082,     0,     0 

 12004, BEAM  ,    3,     3,  2004,  5004,     0,     0 

 12010, BEAM  ,    3,     3,  2010,  3010,     0,     0 

 12022, BEAM  ,    3,     3,  2022,  3022,     0,     0 

 12034, BEAM  ,    3,     3,  2034,  3034,     0,     0 

 12046, BEAM  ,    3,     3,  2046,  3046,     0,     0 

 12058, BEAM  ,    3,     3,  2058,  5058,     0,     0 

 12070, BEAM  ,    3,     3,  2070,  3070,     0,     0 

 12082, BEAM  ,    3,     2,  2082,  3082,     0,     0 

 13008, BEAM  ,    3,     7,  3008,  5008,     0,     0 

 13009, BEAM  ,    3,     7,  3009,  5009,     0,     0 

 13010, BEAM  ,    3,     3,  3010,  4010,     0,     0 

 13011, BEAM  ,    3,     7,  3011,  4011,     0,     0 

 13012, BEAM  ,    3,     7,  3012,  4012,     0,     0 

 13020, BEAM  ,    3,     7,  3020,  4020,     0,     0 

 13021, BEAM  ,    3,     7,  3021,  4021,     0,     0 

 13022, BEAM  ,    3,     3,  3022,  4022,     0,     0 

 13023, BEAM  ,    3,     7,  3023,  5023,     0,     0 

 13024, BEAM  ,    3,     7,  3024,  5024,     0,     0 

 13032, BEAM  ,    3,     7,  3032,  5032,     0,     0 

 13033, BEAM  ,    3,     7,  3033,  5033,     0,     0 

 13034, BEAM  ,    3,     3,  3034,  4034,     0,     0 

 13035, BEAM  ,    3,     7,  3035,  4035,     0,     0 

 13036, BEAM  ,    3,     7,  3036,  4036,     0,     0 

 13044, BEAM  ,    3,     7,  3044,  4044,     0,     0 

 13045, BEAM  ,    3,     7,  3045,  4045,     0,     0 

 13046, BEAM  ,    3,     3,  3046,  4046,     0,     0 

 13047, BEAM  ,    3,     7,  3047,  5047,     0,     0 

 13048, BEAM  ,    3,     7,  3048,  5048,     0,     0 

 13068, BEAM  ,    3,     7,  3068,  5068,     0,     0 

 13069, BEAM  ,    3,     7,  3069,  5069,     0,     0 

 13070, BEAM  ,    3,     3,  3070,  4070,     0,     0 

 13071, BEAM  ,    3,     7,  3071,  4071,     0,     0 

 13072, BEAM  ,    3,     7,  3072,  4072,     0,     0 

 13080, BEAM  ,    3,     7,  3080,  4080,     0,     0 

 13081, BEAM  ,    3,     7,  3081,  4081,     0,     0 

 13082, BEAM  ,    3,     2,  3082,  5082,     0,     0 
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 14010, BEAM  ,    3,     3,  4010,  5010,     0,     0 

 14022, BEAM  ,    3,     3,  4022,  5022,     0,     0 

 14034, BEAM  ,    3,     3,  4034,  5034,     0,     0 

 14046, BEAM  ,    3,     3,  4046,  5046,     0,     0 

 14070, BEAM  ,    3,     3,  4070,  5070,     0,     0 

 15001, BEAM  ,    3,     4,  5001,  9001,     0,     0 

 15002, BEAM  ,    3,     7,  5002,  9002,     0,     0 

 15003, BEAM  ,    3,     7,  5003,  9003,     0,     0 

 15004, BEAM  ,    3,     3,  5004,  8004,     0,     0 

 15005, BEAM  ,    3,     7,  5005,  9005,     0,     0 

 15006, BEAM  ,    3,     7,  5006,  9006,     0,     0 

 15007, BEAM  ,    3,     7,  5007,  9007,     0,     0 

 15008, BEAM  ,    3,     7,  5008,  7008,     0,     0 

 15009, BEAM  ,    3,     7,  5009,  7009,     0,     0 

 15010, BEAM  ,    3,     3,  5010,  6010,     0,     0 

 15022, BEAM  ,    3,     3,  5022,  6022,     0,     0 

 15023, BEAM  ,    3,     7,  5023,  7023,     0,     0 

 15024, BEAM  ,    3,     7,  5024,  7024,     0,     0 

 15025, BEAM  ,    3,     7,  5025,  9025,     0,     0 

 15026, BEAM  ,    3,     7,  5026,  9026,     0,     0 

 15027, BEAM  ,    3,     7,  5027,  9027,     0,     0 

 15028, BEAM  ,    3,     4,  5028,  9028,     0,     0 

 15029, BEAM  ,    3,     7,  5029,  9029,     0,     0 

 15030, BEAM  ,    3,     7,  5030,  9030,     0,     0 

 15031, BEAM  ,    3,     7,  5031,  9031,     0,     0 

 15032, BEAM  ,    3,     7,  5032,  7032,     0,     0 

 15033, BEAM  ,    3,     7,  5033,  7033,     0,     0 

 15034, BEAM  ,    3,     3,  5034,  6034,     0,     0 

 15046, BEAM  ,    3,     3,  5046,  6046,     0,     0 

 15047, BEAM  ,    3,     7,  5047,  7047,     0,     0 

 15048, BEAM  ,    3,     7,  5048,  7048,     0,     0 

 15049, BEAM  ,    3,     7,  5049,  9049,     0,     0 

 15050, BEAM  ,    3,     7,  5050,  9050,     0,     0 

 15051, BEAM  ,    3,     7,  5051,  9051,     0,     0 

 15052, BEAM  ,    3,     4,  5052,  9052,     0,     0 

 15053, BEAM  ,    3,     7,  5053,  9053,     0,     0 

 15054, BEAM  ,    3,     7,  5054,  9054,     0,     0 

 15055, BEAM  ,    3,     7,  5055,  9055,     0,     0 

 15056, BEAM  ,    3,     7,  5056,  9056,     0,     0 

 15057, BEAM  ,    3,     7,  5057,  9057,     0,     0 

 15058, BEAM  ,    3,     3,  5058,  8058,     0,     0 

 15059, BEAM  ,    3,     7,  5059,  9059,     0,     0 

 15060, BEAM  ,    3,     7,  5060,  9060,     0,     0 

 15061, BEAM  ,    3,     7,  5061,  9061,     0,     0 

 15062, BEAM  ,    3,     7,  5062,  9062,     0,     0 

 15063, BEAM  ,    3,     7,  5063,  9063,     0,     0 

 15064, BEAM  ,    3,     4,  5064,  9064,     0,     0 

 15065, BEAM  ,    3,     7,  5065,  9065,     0,     0 

 15066, BEAM  ,    3,     7,  5066,  9066,     0,     0 

 15067, BEAM  ,    3,     7,  5067,  9067,     0,     0 

 15068, BEAM  ,    3,     7,  5068,  7068,     0,     0 

 15069, BEAM  ,    3,     7,  5069,  7069,     0,     0 

 15070, BEAM  ,    3,     3,  5070,  6070,     0,     0 

 15082, BEAM  ,    3,     2,  5082,  7082,     0,     0 

 16010, BEAM  ,    3,     3,  6010,  7010,     0,     0 

 16011, BEAM  ,    3,     7,  6011,  7011,     0,     0 

 16012, BEAM  ,    3,     7,  6012,  7012,     0,     0 

 16020, BEAM  ,    3,     7,  6020,  7020,     0,     0 

 16021, BEAM  ,    3,     7,  6021,  7021,     0,     0 

 16022, BEAM  ,    3,     3,  6022,  7022,     0,     0 

 16034, BEAM  ,    3,     3,  6034,  7034,     0,     0 

 16035, BEAM  ,    3,     7,  6035,  7035,     0,     0 

 16036, BEAM  ,    3,     7,  6036,  7036,     0,     0 

 16044, BEAM  ,    3,     7,  6044,  7044,     0,     0 

 16045, BEAM  ,    3,     7,  6045,  7045,     0,     0 

 16046, BEAM  ,    3,     3,  6046,  7046,     0,     0 

 16070, BEAM  ,    3,     3,  6070,  7070,     0,     0 

 16071, BEAM  ,    3,     7,  6071,  7071,     0,     0 
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 16072, BEAM  ,    3,     7,  6072,  7072,     0,     0 

 16080, BEAM  ,    3,     7,  6080,  7080,     0,     0 

 16081, BEAM  ,    3,     7,  6081,  7081,     0,     0 

 17008, BEAM  ,    3,     7,  7008,  9008,     0,     0 

 17009, BEAM  ,    3,     7,  7009,  9009,     0,     0 

 17010, BEAM  ,    3,     3,  7010,  8010,     0,     0 

 17011, BEAM  ,    3,     7,  7011,  9011,     0,     0 

 17012, BEAM  ,    3,     7,  7012,  9012,     0,     0 

 17013, BEAM  ,    3,     7,  7013,  9013,     0,     0 

 17014, BEAM  ,    3,     7,  7014,  9014,     0,     0 

 17015, BEAM  ,    3,     7,  7015,  9015,     0,     0 

 17016, BEAM  ,    3,     4,  7016,  9016,     0,     0 

 17017, BEAM  ,    3,     7,  7017,  9017,     0,     0 

 17018, BEAM  ,    3,     7,  7018,  9018,     0,     0 

 17019, BEAM  ,    3,     7,  7019,  9019,     0,     0 

 17020, BEAM  ,    3,     7,  7020,  9020,     0,     0 

 17021, BEAM  ,    3,     7,  7021,  9021,     0,     0 

 17022, BEAM  ,    3,     3,  7022,  8022,     0,     0 

 17023, BEAM  ,    3,     7,  7023,  9023,     0,     0 

 17024, BEAM  ,    3,     7,  7024,  9024,     0,     0 

 17032, BEAM  ,    3,     7,  7032,  9032,     0,     0 

 17033, BEAM  ,    3,     7,  7033,  9033,     0,     0 

 17034, BEAM  ,    3,     3,  7034,  8034,     0,     0 

 17035, BEAM  ,    3,     7,  7035,  9035,     0,     0 

 17036, BEAM  ,    3,     7,  7036,  9036,     0,     0 

 17037, BEAM  ,    3,     7,  7037,  9037,     0,     0 

 17038, BEAM  ,    3,     7,  7038,  9038,     0,     0 

 17039, BEAM  ,    3,     7,  7039,  9039,     0,     0 

 17040, BEAM  ,    3,     4,  7040,  9040,     0,     0 

 17041, BEAM  ,    3,     7,  7041,  9041,     0,     0 

 17042, BEAM  ,    3,     7,  7042,  9042,     0,     0 

 17043, BEAM  ,    3,     7,  7043,  9043,     0,     0 

 17044, BEAM  ,    3,     7,  7044,  9044,     0,     0 

 17045, BEAM  ,    3,     7,  7045,  9045,     0,     0 

 17046, BEAM  ,    3,     3,  7046,  8046,     0,     0 

 17047, BEAM  ,    3,     7,  7047,  9047,     0,     0 

 17048, BEAM  ,    3,     7,  7048,  9048,     0,     0 

 17068, BEAM  ,    3,     7,  7068,  9068,     0,     0 

 17069, BEAM  ,    3,     7,  7069,  9069,     0,     0 

 17070, BEAM  ,    3,     3,  7070,  8070,     0,     0 

 17071, BEAM  ,    3,     7,  7071,  9071,     0,     0 

 17072, BEAM  ,    3,     7,  7072,  9072,     0,     0 

 17073, BEAM  ,    3,     7,  7073,  9073,     0,     0 

 17074, BEAM  ,    3,     7,  7074,  9074,     0,     0 

 17075, BEAM  ,    3,     7,  7075,  9075,     0,     0 

 17076, BEAM  ,    3,     4,  7076,  9076,     0,     0 

 17077, BEAM  ,    3,     7,  7077,  9077,     0,     0 

 17078, BEAM  ,    3,     7,  7078,  9078,     0,     0 

 17079, BEAM  ,    3,     7,  7079,  9079,     0,     0 

 17080, BEAM  ,    3,     7,  7080,  9080,     0,     0 

 17081, BEAM  ,    3,     7,  7081,  9081,     0,     0 

 17082, BEAM  ,    3,     2,  7082,  8082,     0,     0 

 18004, BEAM  ,    3,     3,  8004,  9004,     0,     0 

 18010, BEAM  ,    3,     3,  8010,  9010,     0,     0 

 18022, BEAM  ,    3,     3,  8022,  9022,     0,     0 

 18034, BEAM  ,    3,     3,  8034,  9034,     0,     0 

 18046, BEAM  ,    3,     3,  8046,  9046,     0,     0 

 18058, BEAM  ,    3,     3,  8058,  9058,     0,     0 

 18070, BEAM  ,    3,     3,  8070,  9070,     0,     0 

 18082, BEAM  ,    3,     2,  8082,  9082,     0,     0 

 101000, BEAM  ,    2,    55, 101002, 101000, -15.9,     0 

 101003, BEAM  ,    3,    35, 101002, 101004,  15.9,     0 

 101010, BEAM  ,    3,   173, 101011, 101010,     0,     0 

 101011, BEAM  ,    3,   171, 101015, 101011,     0,     0 

 101015, BEAM  ,    1,     1, 101004, 101015,     0,     0 

 101020, BEAM  ,    3,   173, 101021, 101020,     0,     0 

 101021, BEAM  ,    3,   171, 101025, 101021,     0,     0 

 101025, BEAM  ,    1,     1, 101004, 101025,     0,     0 
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 101030, BEAM  ,    3,    73, 101004, 101030,  15.9,     0 

 102103, BEAM  ,    3,   136, 102100, 102104,  13.4,     0 

 102110, BEAM  ,    3,   173, 102111, 102110,     0,     0 

 102111, BEAM  ,    3,   171, 102115, 102111,     0,     0 

 102115, BEAM  ,    1,     1, 102104, 102115,     0,     0 

 102120, BEAM  ,    3,   173, 102121, 102120,     0,     0 

 102121, BEAM  ,    3,   171, 102125, 102121,     0,     0 

 102125, BEAM  ,    1,     1, 102104, 102125,     0,     0 

 102130, BEAM  ,    3,   174, 102131, 102130,     0,     0 

 102131, BEAM  ,    3,   172, 102135, 102131,     0,     0 

 102135, BEAM  ,    1,     1, 102104, 102135,     0,     0 

 102140, BEAM  ,    3,   174, 102141, 102140,     0,     0 

 102141, BEAM  ,    3,   172, 102145, 102141,     0,     0 

 102145, BEAM  ,    1,     1, 102104, 102145,     0,     0 

 102203, BEAM  ,    3,   136, 102200, 102204,  13.4,     0 

 102210, BEAM  ,    3,   173, 102211, 102210,     0,     0 

 102211, BEAM  ,    3,   171, 102215, 102211,     0,     0 

 102215, BEAM  ,    1,     1, 102204, 102215,     0,     0 

 102220, BEAM  ,    3,   173, 102221, 102220,     0,     0 

 102221, BEAM  ,    3,   171, 102225, 102221,     0,     0 

 102225, BEAM  ,    1,     1, 102204, 102225,     0,     0 

 102230, BEAM  ,    3,   174, 102231, 102230,     0,     0 

 102231, BEAM  ,    3,   172, 102235, 102231,     0,     0 

 102235, BEAM  ,    1,     1, 102204, 102235,     0,     0 

 102240, BEAM  ,    3,   174, 102241, 102240,     0,     0 

 102241, BEAM  ,    3,   172, 102245, 102241,     0,     0 

 102245, BEAM  ,    1,     1, 102204, 102245,     0,     0 

 103100, BEAM  ,    2,    44, 103101, 103100,  -8.2,     0 

 103101, BEAM  ,    2,    10, 103101, 103102,   8.2,     0 

 103102, BEAM  ,    3,   131, 103102, 103103,   8.2,     0 

 103103, BEAM  ,    3,   132, 103103, 103104,   8.2,     0 

 103110, BEAM  ,    3,   173, 103111, 103110,     0,     0 

 103111, BEAM  ,    3,   171, 103115, 103111,     0,     0 

 103115, BEAM  ,    1,     1, 103104, 103115,     0,     0 

 103120, BEAM  ,    3,   173, 103121, 103120,     0,     0 

 103121, BEAM  ,    3,   171, 103125, 103121,     0,     0 

 103125, BEAM  ,    1,     1, 103104, 103125,     0,     0 

 103130, BEAM  ,    3,   174, 103131, 103130,     0,     0 

 103131, BEAM  ,    3,   172, 103135, 103131,     0,     0 

 103135, BEAM  ,    1,     1, 103104, 103135,     0,     0 

 103140, BEAM  ,    3,   174, 103141, 103140,     0,     0 

 103141, BEAM  ,    3,   172, 103145, 103141,     0,     0 

 103145, BEAM  ,    1,     1, 103104, 103145,     0,     0 

 103200, BEAM  ,    2,    44, 103201, 103200,  -8.2,     0 

 103201, BEAM  ,    2,    10, 103201, 103202,   8.2,     0 

 103202, BEAM  ,    3,   131, 103202, 103203,   8.2,     0 

 103203, BEAM  ,    3,   132, 103203, 103204,   8.2,     0 

 103210, BEAM  ,    3,   173, 103211, 103210,     0,     0 

 103211, BEAM  ,    3,   171, 103215, 103211,     0,     0 

 103215, BEAM  ,    1,     1, 103204, 103215,     0,     0 

 103220, BEAM  ,    3,   173, 103221, 103220,     0,     0 

 103221, BEAM  ,    3,   171, 103225, 103221,     0,     0 

 103225, BEAM  ,    1,     1, 103204, 103225,     0,     0 

 103230, BEAM  ,    3,   174, 103231, 103230,     0,     0 

 103231, BEAM  ,    3,   172, 103235, 103231,     0,     0 

 103235, BEAM  ,    1,     1, 103204, 103235,     0,     0 

 103240, BEAM  ,    3,   174, 103241, 103240,     0,     0 

 103241, BEAM  ,    3,   172, 103245, 103241,     0,     0 

 103245, BEAM  ,    1,     1, 103204, 103245,     0,     0 

 104100, BEAM  ,    2,    46, 104101, 104100,  -3.1,     0 

 104101, BEAM  ,    3,    13, 104101, 104102,   3.1,     0 

 104102, BEAM  ,    3,   131, 104102, 104103,   3.1,     0 

 104103, BEAM  ,    3,   132, 104103, 104104,   3.1,     0 

 104110, BEAM  ,    3,   173, 104111, 104110,     0,     0 

 104111, BEAM  ,    3,   171, 104115, 104111,     0,     0 

 104115, BEAM  ,    1,     1, 104104, 104115,     0,     0 

 104120, BEAM  ,    3,   173, 104121, 104120,     0,     0 

 104121, BEAM  ,    3,   171, 104125, 104121,     0,     0 
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 104125, BEAM  ,    1,     1, 104104, 104125,     0,     0 

 104130, BEAM  ,    3,   174, 104131, 104130,     0,     0 

 104131, BEAM  ,    3,   172, 104135, 104131,     0,     0 

 104135, BEAM  ,    1,     1, 104104, 104135,     0,     0 

 104140, BEAM  ,    3,   174, 104141, 104140,     0,     0 

 104141, BEAM  ,    3,   172, 104145, 104141,     0,     0 

 104145, BEAM  ,    1,     1, 104104, 104145,     0,     0 

 104200, BEAM  ,    2,    46, 104201, 104200,  -3.1,     0 

 104201, BEAM  ,    3,    13, 104201, 104202,   3.1,     0 

 104202, BEAM  ,    3,   131, 104202, 104203,   3.1,     0 

 104203, BEAM  ,    3,   132, 104203, 104204,   3.1,     0 

 104210, BEAM  ,    3,   173, 104211, 104210,     0,     0 

 104211, BEAM  ,    3,   171, 104215, 104211,     0,     0 

 104215, BEAM  ,    1,     1, 104204, 104215,     0,     0 

 104220, BEAM  ,    3,   173, 104221, 104220,     0,     0 

 104221, BEAM  ,    3,   171, 104225, 104221,     0,     0 

 104225, BEAM  ,    1,     1, 104204, 104225,     0,     0 

 104230, BEAM  ,    3,   174, 104231, 104230,     0,     0 

 104231, BEAM  ,    3,   172, 104235, 104231,     0,     0 

 104235, BEAM  ,    1,     1, 104204, 104235,     0,     0 

 104240, BEAM  ,    3,   174, 104241, 104240,     0,     0 

 104241, BEAM  ,    3,   172, 104245, 104241,     0,     0 

 104245, BEAM  ,    1,     1, 104204, 104245,     0,     0 

 105100, BEAM  ,    2,    48, 105101, 105100,   1.9,     0 

 105101, BEAM  ,    3,    16, 105101, 105102,  -1.9,     0 

 105102, BEAM  ,    3,   131, 105102, 105103,  -1.9,     0 

 105103, BEAM  ,    3,   132, 105103, 105104,  -1.9,     0 

 105110, BEAM  ,    3,   173, 105111, 105110,     0,     0 

 105111, BEAM  ,    3,   171, 105115, 105111,     0,     0 

 105115, BEAM  ,    1,     1, 105104, 105115,     0,     0 

 105120, BEAM  ,    3,   173, 105121, 105120,     0,     0 

 105121, BEAM  ,    3,   171, 105125, 105121,     0,     0 

 105125, BEAM  ,    1,     1, 105104, 105125,     0,     0 

 105130, BEAM  ,    3,   174, 105131, 105130,     0,     0 

 105131, BEAM  ,    3,   172, 105135, 105131,     0,     0 

 105135, BEAM  ,    1,     1, 105104, 105135,     0,     0 

 105140, BEAM  ,    3,   174, 105141, 105140,     0,     0 

 105141, BEAM  ,    3,   172, 105145, 105141,     0,     0 

 105145, BEAM  ,    1,     1, 105104, 105145,     0,     0 

 105200, BEAM  ,    2,    48, 105201, 105200,   1.9,     0 

 105201, BEAM  ,    3,    16, 105201, 105202,  -1.9,     0 

 105202, BEAM  ,    3,   131, 105202, 105203,  -1.9,     0 

 105203, BEAM  ,    3,   132, 105203, 105204,  -1.9,     0 

 105210, BEAM  ,    3,   173, 105211, 105210,     0,     0 

 105211, BEAM  ,    3,   171, 105215, 105211,     0,     0 

 105215, BEAM  ,    1,     1, 105204, 105215,     0,     0 

 105220, BEAM  ,    3,   173, 105221, 105220,     0,     0 

 105221, BEAM  ,    3,   171, 105225, 105221,     0,     0 

 105225, BEAM  ,    1,     1, 105204, 105225,     0,     0 

 105230, BEAM  ,    3,   174, 105231, 105230,     0,     0 

 105231, BEAM  ,    3,   172, 105235, 105231,     0,     0 

 105235, BEAM  ,    1,     1, 105204, 105235,     0,     0 

 105240, BEAM  ,    3,   174, 105241, 105240,     0,     0 

 105241, BEAM  ,    3,   172, 105245, 105241,     0,     0 

 105245, BEAM  ,    1,     1, 105204, 105245,     0,     0 

 106000, BEAM  ,    2,    49, 106001, 106000,   7.1,     0 

 106001, BEAM  ,    3,    19, 106001, 106002,  -7.1,     0 

 106002, BEAM  ,    3,   131, 106002, 106003,  -7.1,     0 

 106003, BEAM  ,    3,   132, 106003, 106004,  -7.1,     0 

 106010, BEAM  ,    3,   173, 106011, 106010,     0,     0 

 106011, BEAM  ,    3,   171, 106015, 106011,     0,     0 

 106015, BEAM  ,    1,     1, 106004, 106015,     0,     0 

 106020, BEAM  ,    3,   173, 106021, 106020,     0,     0 

 106021, BEAM  ,    3,   171, 106025, 106021,     0,     0 

 106025, BEAM  ,    1,     1, 106004, 106025,     0,     0 

 106030, BEAM  ,    3,   174, 106031, 106030,     0,     0 

 106031, BEAM  ,    3,   172, 106035, 106031,     0,     0 

 106035, BEAM  ,    1,     1, 106004, 106035,     0,     0 
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 106040, BEAM  ,    3,   174, 106041, 106040,     0,     0 

 106041, BEAM  ,    3,   172, 106045, 106041,     0,     0 

 106045, BEAM  ,    1,     1, 106004, 106045,     0,     0 

 107100, BEAM  ,    2,    47, 107101, 107100,  12.2,     0 

 107101, BEAM  ,    3,    15, 107101, 107102, -12.2,     0 

 107102, BEAM  ,    3,   131, 107102, 107103, -12.2,     0 

 107103, BEAM  ,    3,   132, 107103, 107104, -12.2,     0 

 107110, BEAM  ,    3,   173, 107111, 107110,     0,     0 

 107111, BEAM  ,    3,   171, 107115, 107111,     0,     0 

 107115, BEAM  ,    1,     1, 107104, 107115,     0,     0 

 107120, BEAM  ,    3,   173, 107121, 107120,     0,     0 

 107121, BEAM  ,    3,   171, 107125, 107121,     0,     0 

 107125, BEAM  ,    1,     1, 107104, 107125,     0,     0 

 107130, BEAM  ,    3,   174, 107131, 107130,     0,     0 

 107131, BEAM  ,    3,   172, 107135, 107131,     0,     0 

 107135, BEAM  ,    1,     1, 107104, 107135,     0,     0 

 107140, BEAM  ,    3,   174, 107141, 107140,     0,     0 

 107141, BEAM  ,    3,   172, 107145, 107141,     0,     0 

 107145, BEAM  ,    1,     1, 107104, 107145,     0,     0 

 107200, BEAM  ,    2,    47, 107201, 107200,  12.2,     0 

 107201, BEAM  ,    3,    15, 107201, 107202, -12.2,     0 

 107202, BEAM  ,    3,   131, 107202, 107203, -12.2,     0 

 107203, BEAM  ,    3,   132, 107203, 107204, -12.2,     0 

 107210, BEAM  ,    3,   173, 107211, 107210,     0,     0 

 107211, BEAM  ,    3,   171, 107215, 107211,     0,     0 

 107215, BEAM  ,    1,     1, 107204, 107215,     0,     0 

 107220, BEAM  ,    3,   173, 107221, 107220,     0,     0 

 107221, BEAM  ,    3,   171, 107225, 107221,     0,     0 

 107225, BEAM  ,    1,     1, 107204, 107225,     0,     0 

 107230, BEAM  ,    3,   174, 107231, 107230,     0,     0 

 107231, BEAM  ,    3,   172, 107235, 107231,     0,     0 

 107235, BEAM  ,    1,     1, 107204, 107235,     0,     0 

 107240, BEAM  ,    3,   174, 107241, 107240,     0,     0 

 107241, BEAM  ,    3,   172, 107245, 107241,     0,     0 

 107245, BEAM  ,    1,     1, 107204, 107245,     0,     0 

 111001, BEAM  ,    2,    61, 101000, 111001, -15.9,     0 

 111002, BEAM  ,    2,    61, 111001, 111002, -15.9,     0 

 111051, BEAM  ,    1,     1, 111001, 121001,     0,     0 

 111052, BEAM  ,    1,     1, 111001, 131001,     0,     0 

 112100, BEAM  ,    2,    52, 102100, 112101, -13.4,     0 

 112101, BEAM  ,    2,    52, 112101, 112102, -13.4,     0 

 112102, BEAM  ,    2,    64, 112102, 112103,     0,     0 

 112103, BEAM  ,    2,    64, 112103, 112104,     0,     0 

 112104, BEAM  ,    2,    64, 112104, 112105,     0,     0 

 112105, BEAM  ,    2,    64, 112105, 112106,     0,     0 

 112106, BEAM  ,    2,    64, 112106, 112107,     0,     0 

 112107, BEAM  ,    2,    64, 112107, 112108,     0,     0 

 112108, BEAM  ,    2,    64, 112108, 112109,     0,     0 

 112109, BEAM  ,    2,    64, 112109, 112110,     0,     0 

 112110, BEAM  ,    2,    64, 112110, 112111,     0,     0 

 112111, BEAM  ,    2,    64, 112111, 112112,     0,     0 

 112112, BEAM  ,    2,    64, 112112, 112113,     0,     0 

 112113, BEAM  ,    2,    64, 112113, 112114,     0,     0 

 112114, BEAM  ,    2,    64, 112114, 112115,     0,     0 

 112115, BEAM  ,    2,    64, 112115, 112116,     0,     0 

 112116, BEAM  ,    2,    64, 112116, 112117,     0,     0 

 112117, BEAM  ,    2,    64, 112117, 112118,     0,     0 

 112118, BEAM  ,    2,    64, 112118, 112119,     0,     0 

 112119, BEAM  ,    2,    64, 112119, 112120,     0,     0 

 112120, BEAM  ,    2,    64, 112120, 112121,     0,     0 

 112121, BEAM  ,    2,    64, 112121, 112122,     0,     0 

 112122, BEAM  ,    2,    64, 112122, 112123,     0,     0 

 112123, BEAM  ,    2,    64, 112123, 112124,     0,     0 

 112124, BEAM  ,    2,    64, 112124, 112125,     0,     0 

 112125, BEAM  ,    2,    64, 112125, 112126,     0,     0 

 112126, BEAM  ,    2,    64, 112126, 112127,     0,     0 

 112127, BEAM  ,    2,    64, 112127, 112128,     0,     0 

 112128, BEAM  ,    2,    64, 112128, 112129,     0,     0 
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 112129, BEAM  ,    2,    64, 112129, 112130,     0,     0 

 112130, BEAM  ,    2,    64, 112130, 112131,     0,     0 

 112131, BEAM  ,    2,    64, 112131, 112132,     0,     0 

 112132, BEAM  ,    2,    64, 112132, 112133,     0,     0 

 112133, BEAM  ,    2,    64, 112133, 112134,     0,     0 

 112134, BEAM  ,    2,    64, 112134, 112135,     0,     0 

 112135, BEAM  ,    2,    64, 112135, 112136,     0,     0 

 112136, BEAM  ,    2,    64, 112136, 112137,     0,     0 

 112200, BEAM  ,    2,    52, 102200, 112201, -13.4,     0 

 112201, BEAM  ,    2,    52, 112201, 112202, -13.4,     0 

 112202, BEAM  ,    2,    64, 112202, 112203,     0,     0 

 112203, BEAM  ,    2,    64, 112203, 112204,     0,     0 

 112204, BEAM  ,    2,    64, 112204, 112205,     0,     0 

 112205, BEAM  ,    2,    64, 112205, 112206,     0,     0 

 112206, BEAM  ,    2,    64, 112206, 112207,     0,     0 

 112207, BEAM  ,    2,    64, 112207, 112208,     0,     0 

 112208, BEAM  ,    2,    64, 112208, 112209,     0,     0 

 112209, BEAM  ,    2,    64, 112209, 112210,     0,     0 

 112210, BEAM  ,    2,    64, 112210, 112211,     0,     0 

 112211, BEAM  ,    2,    64, 112211, 112212,     0,     0 

 112212, BEAM  ,    2,    64, 112212, 112213,     0,     0 

 112213, BEAM  ,    2,    64, 112213, 112214,     0,     0 

 112214, BEAM  ,    2,    64, 112214, 112215,     0,     0 

 112215, BEAM  ,    2,    64, 112215, 112216,     0,     0 

 112216, BEAM  ,    2,    64, 112216, 112217,     0,     0 

 112217, BEAM  ,    2,    64, 112217, 112218,     0,     0 

 112218, BEAM  ,    2,    64, 112218, 112219,     0,     0 

 112219, BEAM  ,    2,    64, 112219, 112220,     0,     0 

 112220, BEAM  ,    2,    64, 112220, 112221,     0,     0 

 112221, BEAM  ,    2,    64, 112221, 112222,     0,     0 

 112222, BEAM  ,    2,    64, 112222, 112223,     0,     0 

 112223, BEAM  ,    2,    64, 112223, 112224,     0,     0 

 112224, BEAM  ,    2,    64, 112224, 112225,     0,     0 

 112225, BEAM  ,    2,    64, 112225, 112226,     0,     0 

 112226, BEAM  ,    2,    64, 112226, 112227,     0,     0 

 112227, BEAM  ,    2,    64, 112227, 112228,     0,     0 

 112228, BEAM  ,    2,    64, 112228, 112229,     0,     0 

 112229, BEAM  ,    2,    64, 112229, 112230,     0,     0 

 112230, BEAM  ,    2,    64, 112230, 112231,     0,     0 

 112231, BEAM  ,    2,    64, 112231, 112232,     0,     0 

 112232, BEAM  ,    2,    64, 112232, 112233,     0,     0 

 112233, BEAM  ,    2,    64, 112233, 112234,     0,     0 

 112234, BEAM  ,    2,    64, 112234, 112235,     0,     0 

 112235, BEAM  ,    2,    64, 112235, 112236,     0,     0 

 112236, BEAM  ,    2,    64, 112236, 112237,     0,     0 

 113100, BEAM  ,    2,    62, 103100, 113101,  -8.2,     0 

 113101, BEAM  ,    2,    62, 113101, 113102,  -8.2,     0 

 113102, BEAM  ,    2,    64, 113102, 113103,     0,     0 

 113103, BEAM  ,    2,    64, 113103, 113104,     0,     0 

 113104, BEAM  ,    2,    64, 113104, 113105,     0,     0 

 113105, BEAM  ,    2,    64, 113105, 113106,     0,     0 

 113106, BEAM  ,    2,    64, 113106, 113107,     0,     0 

 113107, BEAM  ,    2,    64, 113107, 113108,     0,     0 

 113108, BEAM  ,    2,    64, 113108, 113109,     0,     0 

 113109, BEAM  ,    2,    64, 113109, 113110,     0,     0 

 113110, BEAM  ,    2,    64, 113110, 113111,     0,     0 

 113111, BEAM  ,    2,    64, 113111, 113112,     0,     0 

 113112, BEAM  ,    2,    64, 113112, 113113,     0,     0 

 113113, BEAM  ,    2,    64, 113113, 113114,     0,     0 

 113114, BEAM  ,    2,    64, 113114, 113115,     0,     0 

 113115, BEAM  ,    2,    64, 113115, 113116,     0,     0 

 113116, BEAM  ,    2,    64, 113116, 113117,     0,     0 

 113117, BEAM  ,    2,    64, 113117, 113118,     0,     0 

 113118, BEAM  ,    2,    64, 113118, 113119,     0,     0 

 113119, BEAM  ,    2,    64, 113119, 113120,     0,     0 

 113120, BEAM  ,    2,    64, 113120, 113121,     0,     0 

 113121, BEAM  ,    2,    64, 113121, 113122,     0,     0 

 113122, BEAM  ,    2,    64, 113122, 113123,     0,     0 
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 113123, BEAM  ,    2,    64, 113123, 113124,     0,     0 

 113124, BEAM  ,    2,    64, 113124, 113125,     0,     0 

 113125, BEAM  ,    2,    64, 113125, 113126,     0,     0 

 113126, BEAM  ,    2,    64, 113126, 113127,     0,     0 

 113127, BEAM  ,    2,    64, 113127, 113128,     0,     0 

 113128, BEAM  ,    2,    64, 113128, 113129,     0,     0 

 113129, BEAM  ,    2,    64, 113129, 113130,     0,     0 

 113130, BEAM  ,    2,    64, 113130, 113131,     0,     0 

 113131, BEAM  ,    2,    64, 113131, 113132,     0,     0 

 113132, BEAM  ,    2,    64, 113132, 113133,     0,     0 

 113200, BEAM  ,    2,    62, 103200, 113201,  -8.2,     0 

 113201, BEAM  ,    2,    62, 113201, 113202,  -8.2,     0 

 113202, BEAM  ,    2,    64, 113202, 113203,     0,     0 

 113203, BEAM  ,    2,    64, 113203, 113204,     0,     0 

 113204, BEAM  ,    2,    64, 113204, 113205,     0,     0 

 113205, BEAM  ,    2,    64, 113205, 113206,     0,     0 

 113206, BEAM  ,    2,    64, 113206, 113207,     0,     0 

 113207, BEAM  ,    2,    64, 113207, 113208,     0,     0 

 113208, BEAM  ,    2,    64, 113208, 113209,     0,     0 

 113209, BEAM  ,    2,    64, 113209, 113210,     0,     0 

 113210, BEAM  ,    2,    64, 113210, 113211,     0,     0 

 113211, BEAM  ,    2,    64, 113211, 113212,     0,     0 

 113212, BEAM  ,    2,    64, 113212, 113213,     0,     0 

 113213, BEAM  ,    2,    64, 113213, 113214,     0,     0 

 113214, BEAM  ,    2,    64, 113214, 113215,     0,     0 

 113215, BEAM  ,    2,    64, 113215, 113216,     0,     0 

 113216, BEAM  ,    2,    64, 113216, 113217,     0,     0 

 113217, BEAM  ,    2,    64, 113217, 113218,     0,     0 

 113218, BEAM  ,    2,    64, 113218, 113219,     0,     0 

 113219, BEAM  ,    2,    64, 113219, 113220,     0,     0 

 113220, BEAM  ,    2,    64, 113220, 113221,     0,     0 

 113221, BEAM  ,    2,    64, 113221, 113222,     0,     0 

 113222, BEAM  ,    2,    64, 113222, 113223,     0,     0 

 113223, BEAM  ,    2,    64, 113223, 113224,     0,     0 

 113224, BEAM  ,    2,    64, 113224, 113225,     0,     0 

 113225, BEAM  ,    2,    64, 113225, 113226,     0,     0 

 113226, BEAM  ,    2,    64, 113226, 113227,     0,     0 

 113227, BEAM  ,    2,    64, 113227, 113228,     0,     0 

 113228, BEAM  ,    2,    64, 113228, 113229,     0,     0 

 113229, BEAM  ,    2,    64, 113229, 113230,     0,     0 

 113230, BEAM  ,    2,    64, 113230, 113231,     0,     0 

 113231, BEAM  ,    2,    64, 113231, 113232,     0,     0 

 113232, BEAM  ,    2,    64, 113232, 113233,     0,     0 

 114100, BEAM  ,    2,    62, 104100, 114101,  -3.1,     0 

 114101, BEAM  ,    2,    62, 114101, 114102,  -3.1,     0 

 114102, BEAM  ,    2,    64, 114102, 114103,     0,     0 

 114103, BEAM  ,    2,    64, 114103, 114104,     0,     0 

 114104, BEAM  ,    2,    64, 114104, 114105,     0,     0 

 114105, BEAM  ,    2,    64, 114105, 114106,     0,     0 

 114106, BEAM  ,    2,    64, 114106, 114107,     0,     0 

 114107, BEAM  ,    2,    64, 114107, 114108,     0,     0 

 114108, BEAM  ,    2,    64, 114108, 114109,     0,     0 

 114109, BEAM  ,    2,    64, 114109, 114110,     0,     0 

 114110, BEAM  ,    2,    64, 114110, 114111,     0,     0 

 114111, BEAM  ,    2,    64, 114111, 114112,     0,     0 

 114112, BEAM  ,    2,    64, 114112, 114113,     0,     0 

 114113, BEAM  ,    2,    64, 114113, 114114,     0,     0 

 114114, BEAM  ,    2,    64, 114114, 114115,     0,     0 

 114115, BEAM  ,    2,    64, 114115, 114116,     0,     0 

 114116, BEAM  ,    2,    64, 114116, 114117,     0,     0 

 114117, BEAM  ,    2,    64, 114117, 114118,     0,     0 

 114118, BEAM  ,    2,    64, 114118, 114119,     0,     0 

 114119, BEAM  ,    2,    64, 114119, 114120,     0,     0 

 114120, BEAM  ,    2,    64, 114120, 114121,     0,     0 

 114121, BEAM  ,    2,    64, 114121, 114122,     0,     0 

 114122, BEAM  ,    2,    64, 114122, 114123,     0,     0 

 114123, BEAM  ,    2,    64, 114123, 114124,     0,     0 

 114124, BEAM  ,    2,    64, 114124, 114125,     0,     0 
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 114125, BEAM  ,    2,    64, 114125, 114126,     0,     0 

 114126, BEAM  ,    2,    64, 114126, 114127,     0,     0 

 114127, BEAM  ,    2,    64, 114127, 114128,     0,     0 

 114128, BEAM  ,    2,    64, 114128, 114129,     0,     0 

 114129, BEAM  ,    2,    64, 114129, 114130,     0,     0 

 114130, BEAM  ,    2,    64, 114130, 114131,     0,     0 

 114200, BEAM  ,    2,    62, 104200, 114201,  -3.1,     0 

 114201, BEAM  ,    2,    62, 114201, 114202,  -3.1,     0 

 114202, BEAM  ,    2,    64, 114202, 114203,     0,     0 

 114203, BEAM  ,    2,    64, 114203, 114204,     0,     0 

 114204, BEAM  ,    2,    64, 114204, 114205,     0,     0 

 114205, BEAM  ,    2,    64, 114205, 114206,     0,     0 

 114206, BEAM  ,    2,    64, 114206, 114207,     0,     0 

 114207, BEAM  ,    2,    64, 114207, 114208,     0,     0 

 114208, BEAM  ,    2,    64, 114208, 114209,     0,     0 

 114209, BEAM  ,    2,    64, 114209, 114210,     0,     0 

 114210, BEAM  ,    2,    64, 114210, 114211,     0,     0 

 114211, BEAM  ,    2,    64, 114211, 114212,     0,     0 

 114212, BEAM  ,    2,    64, 114212, 114213,     0,     0 

 114213, BEAM  ,    2,    64, 114213, 114214,     0,     0 

 114214, BEAM  ,    2,    64, 114214, 114215,     0,     0 

 114215, BEAM  ,    2,    64, 114215, 114216,     0,     0 

 114216, BEAM  ,    2,    64, 114216, 114217,     0,     0 

 114217, BEAM  ,    2,    64, 114217, 114218,     0,     0 

 114218, BEAM  ,    2,    64, 114218, 114219,     0,     0 

 114219, BEAM  ,    2,    64, 114219, 114220,     0,     0 

 114220, BEAM  ,    2,    64, 114220, 114221,     0,     0 

 114221, BEAM  ,    2,    64, 114221, 114222,     0,     0 

 114222, BEAM  ,    2,    64, 114222, 114223,     0,     0 

 114223, BEAM  ,    2,    64, 114223, 114224,     0,     0 

 114224, BEAM  ,    2,    64, 114224, 114225,     0,     0 

 114225, BEAM  ,    2,    64, 114225, 114226,     0,     0 

 114226, BEAM  ,    2,    64, 114226, 114227,     0,     0 

 114227, BEAM  ,    2,    64, 114227, 114228,     0,     0 

 114228, BEAM  ,    2,    64, 114228, 114229,     0,     0 

 114229, BEAM  ,    2,    64, 114229, 114230,     0,     0 

 114230, BEAM  ,    2,    64, 114230, 114231,     0,     0 

 115000, BEAM  ,    2,    65, 115101, 115201,     0,     0 

 115100, BEAM  ,    2,    62, 105100, 115101,   1.9,     0 

 115101, BEAM  ,    2,    62, 115101, 115102,   1.9,     0 

 115102, BEAM  ,    2,    64, 115102, 115103,     0,     0 

 115103, BEAM  ,    2,    64, 115103, 115104,     0,     0 

 115104, BEAM  ,    2,    64, 115104, 115105,     0,     0 

 115105, BEAM  ,    2,    64, 115105, 115106,     0,     0 

 115106, BEAM  ,    2,    64, 115106, 115107,     0,     0 

 115107, BEAM  ,    2,    64, 115107, 115108,     0,     0 

 115108, BEAM  ,    2,    64, 115108, 115109,     0,     0 

 115109, BEAM  ,    2,    64, 115109, 115110,     0,     0 

 115110, BEAM  ,    2,    64, 115110, 115111,     0,     0 

 115111, BEAM  ,    2,    64, 115111, 115112,     0,     0 

 115112, BEAM  ,    2,    64, 115112, 115113,     0,     0 

 115113, BEAM  ,    2,    64, 115113, 115114,     0,     0 

 115114, BEAM  ,    2,    64, 115114, 115115,     0,     0 

 115115, BEAM  ,    2,    64, 115115, 115116,     0,     0 

 115116, BEAM  ,    2,    64, 115116, 115117,     0,     0 

 115117, BEAM  ,    2,    64, 115117, 115118,     0,     0 

 115118, BEAM  ,    2,    64, 115118, 115119,     0,     0 

 115119, BEAM  ,    2,    64, 115119, 115120,     0,     0 

 115120, BEAM  ,    2,    64, 115120, 115121,     0,     0 

 115121, BEAM  ,    2,    64, 115121, 115122,     0,     0 

 115122, BEAM  ,    2,    64, 115122, 115123,     0,     0 

 115123, BEAM  ,    2,    64, 115123, 115124,     0,     0 

 115124, BEAM  ,    2,    64, 115124, 115125,     0,     0 

 115125, BEAM  ,    2,    64, 115125, 115126,     0,     0 

 115126, BEAM  ,    2,    64, 115126, 115127,     0,     0 

 115127, BEAM  ,    2,    64, 115127, 115128,     0,     0 

 115128, BEAM  ,    2,    64, 115128, 115129,     0,     0 

 115129, BEAM  ,    2,    64, 115129, 115130,     0,     0 
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 115200, BEAM  ,    2,    62, 105200, 115201,   1.9,     0 

 115201, BEAM  ,    2,    62, 115201, 115202,   1.9,     0 

 115202, BEAM  ,    2,    64, 115202, 115203,     0,     0 

 115203, BEAM  ,    2,    64, 115203, 115204,     0,     0 

 115204, BEAM  ,    2,    64, 115204, 115205,     0,     0 

 115205, BEAM  ,    2,    64, 115205, 115206,     0,     0 

 115206, BEAM  ,    2,    64, 115206, 115207,     0,     0 

 115207, BEAM  ,    2,    64, 115207, 115208,     0,     0 

 115208, BEAM  ,    2,    64, 115208, 115209,     0,     0 

 115209, BEAM  ,    2,    64, 115209, 115210,     0,     0 

 115210, BEAM  ,    2,    64, 115210, 115211,     0,     0 

 115211, BEAM  ,    2,    64, 115211, 115212,     0,     0 

 115212, BEAM  ,    2,    64, 115212, 115213,     0,     0 

 115213, BEAM  ,    2,    64, 115213, 115214,     0,     0 

 115214, BEAM  ,    2,    64, 115214, 115215,     0,     0 

 115215, BEAM  ,    2,    64, 115215, 115216,     0,     0 

 115216, BEAM  ,    2,    64, 115216, 115217,     0,     0 

 115217, BEAM  ,    2,    64, 115217, 115218,     0,     0 

 115218, BEAM  ,    2,    64, 115218, 115219,     0,     0 

 115219, BEAM  ,    2,    64, 115219, 115220,     0,     0 

 115220, BEAM  ,    2,    64, 115220, 115221,     0,     0 

 115221, BEAM  ,    2,    64, 115221, 115222,     0,     0 

 115222, BEAM  ,    2,    64, 115222, 115223,     0,     0 

 115223, BEAM  ,    2,    64, 115223, 115224,     0,     0 

 115224, BEAM  ,    2,    64, 115224, 115225,     0,     0 

 115225, BEAM  ,    2,    64, 115225, 115226,     0,     0 

 115226, BEAM  ,    2,    64, 115226, 115227,     0,     0 

 115227, BEAM  ,    2,    64, 115227, 115228,     0,     0 

 115228, BEAM  ,    2,    64, 115228, 115229,     0,     0 

 115229, BEAM  ,    2,    64, 115229, 115230,     0,     0 

 116000, BEAM  ,    2,    62, 106000, 116001,   7.1,     0 

 116001, BEAM  ,    2,    62, 116001, 116002,   7.1,     0 

 116002, BEAM  ,    2,    64, 116002, 116003,     0,     0 

 116003, BEAM  ,    2,    64, 116003, 116004,     0,     0 

 116004, BEAM  ,    2,    64, 116004, 116005,     0,     0 

 116005, BEAM  ,    2,    64, 116005, 116006,     0,     0 

 116006, BEAM  ,    2,    64, 116006, 116007,     0,     0 

 116007, BEAM  ,    2,    64, 116007, 116008,     0,     0 

 116008, BEAM  ,    2,    64, 116008, 116009,     0,     0 

 116009, BEAM  ,    2,    64, 116009, 116010,     0,     0 

 116010, BEAM  ,    2,    64, 116010, 116011,     0,     0 

 116011, BEAM  ,    2,    64, 116011, 116012,     0,     0 

 116012, BEAM  ,    2,    64, 116012, 116013,     0,     0 

 116013, BEAM  ,    2,    64, 116013, 116014,     0,     0 

 116014, BEAM  ,    2,    64, 116014, 116015,     0,     0 

 116015, BEAM  ,    2,    64, 116015, 116016,     0,     0 

 116016, BEAM  ,    2,    64, 116016, 116017,     0,     0 

 116017, BEAM  ,    2,    64, 116017, 116018,     0,     0 

 116018, BEAM  ,    2,    64, 116018, 116019,     0,     0 

 116019, BEAM  ,    2,    64, 116019, 116020,     0,     0 

 116020, BEAM  ,    2,    64, 116020, 116021,     0,     0 

 116021, BEAM  ,    2,    64, 116021, 116022,     0,     0 

 116022, BEAM  ,    2,    64, 116022, 116023,     0,     0 

 116023, BEAM  ,    2,    64, 116023, 116024,     0,     0 

 116024, BEAM  ,    2,    64, 116024, 116025,     0,     0 

 117000, BEAM  ,    2,    65, 117101, 117201,     0,     0 

 117100, BEAM  ,    2,    62, 107100, 117101,  12.2,     0 

 117101, BEAM  ,    2,    62, 117101, 117102,  12.2,     0 

 117102, BEAM  ,    2,    64, 117102, 117103,     0,     0 

 117103, BEAM  ,    2,    64, 117103, 117104,     0,     0 

 117104, BEAM  ,    2,    64, 117104, 117105,     0,     0 

 117105, BEAM  ,    2,    64, 117105, 117106,     0,     0 

 117106, BEAM  ,    2,    64, 117106, 117107,     0,     0 

 117107, BEAM  ,    2,    64, 117107, 117108,     0,     0 

 117108, BEAM  ,    2,    64, 117108, 117109,     0,     0 

 117109, BEAM  ,    2,    64, 117109, 117110,     0,     0 

 117110, BEAM  ,    2,    64, 117110, 117111,     0,     0 

 117111, BEAM  ,    2,    64, 117111, 117112,     0,     0 
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 117112, BEAM  ,    2,    64, 117112, 117113,     0,     0 

 117113, BEAM  ,    2,    64, 117113, 117114,     0,     0 

 117114, BEAM  ,    2,    64, 117114, 117115,     0,     0 

 117115, BEAM  ,    2,    64, 117115, 117116,     0,     0 

 117116, BEAM  ,    2,    64, 117116, 117117,     0,     0 

 117117, BEAM  ,    2,    64, 117117, 117118,     0,     0 

 117118, BEAM  ,    2,    64, 117118, 117119,     0,     0 

 117119, BEAM  ,    2,    64, 117119, 117120,     0,     0 

 117120, BEAM  ,    2,    64, 117120, 117121,     0,     0 

 117121, BEAM  ,    2,    64, 117121, 117122,     0,     0 

 117122, BEAM  ,    2,    64, 117122, 117123,     0,     0 

 117123, BEAM  ,    2,    64, 117123, 117124,     0,     0 

 117124, BEAM  ,    2,    64, 117124, 117125,     0,     0 

 117125, BEAM  ,    2,    64, 117125, 117126,     0,     0 

 117200, BEAM  ,    2,    62, 107200, 117201,  12.2,     0 

 117201, BEAM  ,    2,    62, 117201, 117202,  12.2,     0 

 117202, BEAM  ,    2,    64, 117202, 117203,     0,     0 

 117203, BEAM  ,    2,    64, 117203, 117204,     0,     0 

 117204, BEAM  ,    2,    64, 117204, 117205,     0,     0 

 117205, BEAM  ,    2,    64, 117205, 117206,     0,     0 

 117206, BEAM  ,    2,    64, 117206, 117207,     0,     0 

 117207, BEAM  ,    2,    64, 117207, 117208,     0,     0 

 117208, BEAM  ,    2,    64, 117208, 117209,     0,     0 

 117209, BEAM  ,    2,    64, 117209, 117210,     0,     0 

 117210, BEAM  ,    2,    64, 117210, 117211,     0,     0 

 117211, BEAM  ,    2,    64, 117211, 117212,     0,     0 

 117212, BEAM  ,    2,    64, 117212, 117213,     0,     0 

 117213, BEAM  ,    2,    64, 117213, 117214,     0,     0 

 117214, BEAM  ,    2,    64, 117214, 117215,     0,     0 

 117215, BEAM  ,    2,    64, 117215, 117216,     0,     0 

 117216, BEAM  ,    2,    64, 117216, 117217,     0,     0 

 117217, BEAM  ,    2,    64, 117217, 117218,     0,     0 

 117218, BEAM  ,    2,    64, 117218, 117219,     0,     0 

 117219, BEAM  ,    2,    64, 117219, 117220,     0,     0 

 117220, BEAM  ,    2,    64, 117220, 117221,     0,     0 

 117221, BEAM  ,    2,    64, 117221, 117222,     0,     0 

 117222, BEAM  ,    2,    64, 117222, 117223,     0,     0 

 117223, BEAM  ,    2,    64, 117223, 117224,     0,     0 

 117224, BEAM  ,    2,    64, 117224, 117225,     0,     0 

 117225, BEAM  ,    2,    64, 117225, 117226,     0,     0 

 121001, BEAM  ,    1,     1, 121001, 121002,     0,     0 

 121002, BEAM  ,    2,    63, 121002, 121003,     0,     0 

 121003, BEAM  ,    2,    63, 121003, 121004,     0,     0 

 121004, BEAM  ,    2,    63, 121004, 121005,     0,     0 

 121005, BEAM  ,    2,    63, 121005, 121006,     0,     0 

 121006, BEAM  ,    2,    63, 121006, 121007,     0,     0 

 121007, BEAM  ,    2,    63, 121007, 121008,     0,     0 

 121008, BEAM  ,    2,    63, 121008, 121009,     0,     0 

 121009, BEAM  ,    2,    63, 121009, 121010,     0,     0 

 121010, BEAM  ,    2,    63, 121010, 121011,     0,     0 

 121011, BEAM  ,    2,    63, 121011, 121012,     0,     0 

 121012, BEAM  ,    2,    63, 121012, 121013,     0,     0 

 121013, BEAM  ,    2,    63, 121013, 121014,     0,     0 

 121014, BEAM  ,    2,    63, 121014, 121015,     0,     0 

 121015, BEAM  ,    2,    63, 121015, 121016,     0,     0 

 121016, BEAM  ,    2,    63, 121016, 121017,     0,     0 

 121017, BEAM  ,    2,    63, 121017, 121018,     0,     0 

 121018, BEAM  ,    2,    63, 121018, 121019,     0,     0 

 121019, BEAM  ,    2,    63, 121019, 121020,     0,     0 

 121020, BEAM  ,    2,    63, 121020, 121021,     0,     0 

 121021, BEAM  ,    2,    63, 121021, 121022,     0,     0 

 121022, BEAM  ,    2,    63, 121022, 121023,     0,     0 

 121023, BEAM  ,    2,    63, 121023, 121024,     0,     0 

 121024, BEAM  ,    2,    63, 121024, 121025,     0,     0 

 121025, BEAM  ,    2,    63, 121025, 121026,     0,     0 

 121026, BEAM  ,    2,    63, 121026, 121027,     0,     0 

 121027, BEAM  ,    2,    63, 121027, 121028,     0,     0 

 121028, BEAM  ,    2,    63, 121028, 121029,     0,     0 
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 121029, BEAM  ,    2,    63, 121029, 121030,     0,     0 

 121030, BEAM  ,    2,    63, 121030, 121031,     0,     0 

 121031, BEAM  ,    2,    63, 121031, 121032,     0,     0 

 121032, BEAM  ,    2,    63, 121032, 121033,     0,     0 

 121033, BEAM  ,    2,    63, 121033, 121034,     0,     0 

 121034, BEAM  ,    2,    63, 121034, 121035,     0,     0 

 131001, BEAM  ,    1,     1, 131001, 131002,     0,     0 

 131002, BEAM  ,    2,    63, 131002, 131003,     0,     0 

 131003, BEAM  ,    2,    63, 131003, 131004,     0,     0 

 131004, BEAM  ,    2,    63, 131004, 131005,     0,     0 

 131005, BEAM  ,    2,    63, 131005, 131006,     0,     0 

 131006, BEAM  ,    2,    63, 131006, 131007,     0,     0 

 131007, BEAM  ,    2,    63, 131007, 131008,     0,     0 

 131008, BEAM  ,    2,    63, 131008, 131009,     0,     0 

 131009, BEAM  ,    2,    63, 131009, 131010,     0,     0 

 131010, BEAM  ,    2,    63, 131010, 131011,     0,     0 

 131011, BEAM  ,    2,    63, 131011, 131012,     0,     0 

 131012, BEAM  ,    2,    63, 131012, 131013,     0,     0 

 131013, BEAM  ,    2,    63, 131013, 131014,     0,     0 

 131014, BEAM  ,    2,    63, 131014, 131015,     0,     0 

 131015, BEAM  ,    2,    63, 131015, 131016,     0,     0 

 131016, BEAM  ,    2,    63, 131016, 131017,     0,     0 

 131017, BEAM  ,    2,    63, 131017, 131018,     0,     0 

 131018, BEAM  ,    2,    63, 131018, 131019,     0,     0 

 131019, BEAM  ,    2,    63, 131019, 131020,     0,     0 

 131020, BEAM  ,    2,    63, 131020, 131021,     0,     0 

 131021, BEAM  ,    2,    63, 131021, 131022,     0,     0 

 131022, BEAM  ,    2,    63, 131022, 131023,     0,     0 

 131023, BEAM  ,    2,    63, 131023, 131024,     0,     0 

 131024, BEAM  ,    2,    63, 131024, 131025,     0,     0 

 131025, BEAM  ,    2,    63, 131025, 131026,     0,     0 

 131026, BEAM  ,    2,    63, 131026, 131027,     0,     0 

 131027, BEAM  ,    2,    63, 131027, 131028,     0,     0 

 131028, BEAM  ,    2,    63, 131028, 131029,     0,     0 

 131029, BEAM  ,    2,    63, 131029, 131030,     0,     0 

 131030, BEAM  ,    2,    63, 131030, 131031,     0,     0 

 131031, BEAM  ,    2,    63, 131031, 131032,     0,     0 

 131032, BEAM  ,    2,    63, 131032, 131033,     0,     0 

 131033, BEAM  ,    2,    63, 131033, 131034,     0,     0 

 131034, BEAM  ,    2,    63, 131034, 131035,     0,     0 

 

*GROUP    ; Group 

; NAME, NODE_LIST, ELEM_LIST, PLANE_TYPE 

   Estrato_Re, , , 0 

   Estrato_Tb-1, , , 0 

   Estrato_Az, , , 0 

   Estrato_Tb-2, , , 0 

   Estrato_Ap, , , 0 

   Estrato_Tb-3, , , 0 

 

*BNDR-GROUP    ; Boundary Group 

; NAME, AUTOTYPE 

 Cimentaciones, 0 

 Apoyos, 0 

 Relajaciones, 0 

 Estrato_Re, 0 

 Estrato_Tb-1, 0 

 Estrato_Az, 0 

 Estrato_Tb-2, 0 

 Estrato_Ap, 0 

 Estrato_Tb-3, 0 

 

*LOAD-GROUP    ; Load Group 

; NAME 

 DC 

 DW 

 Live load 

 Vto_sin_SC 
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 Vto_LL 

 Térmico 

 Asientos 

 

*MATERIAL    ; Material 

; iMAT, TYPE, MNAME, SPHEAT, HEATCO, PLAST, TUNIT, bMASS, DAMPRATIO, [DATA1]           ; STEEL, CONC, USER 

; iMAT, TYPE, MNAME, SPHEAT, HEATCO, PLAST, TUNIT, bMASS, DAMPRATIO, [DATA2], [DATA2]  ; SRC 

; [DATA1] : 1, STANDARD, CODE/PRODUCT, DB, USEELAST, ELAST 

; [DATA1] : 2, ELAST, POISN, THERMAL, DEN, MASS 

; [DATA1] : 3, Ex, Ey, Ez, Tx, Ty, Tz, Sxy, Sxz, Syz, Pxy, Pxz, Pyz, DEN, MASS         ; Orthotropic 

; [DATA2] : 1, STANDARD, CODE/PRODUCT, DB, USEELAST, ELAST or 2, ELAST, POISN, THERMAL, DEN, MASS 

    1, STEEL, RIG               , 0, 0, , C, NO, 0.02, 2, 2.1000e+010,   0.3, 6.6667e-006,     0,     0 

    2, CONC , Grade C4000       , 0, 0, , C, NO, 0.05, 1, ASTM(RC)   ,            , Grade C4000   , NO, 

2.51255e+007 

    3, STEEL, A709-50           , 0, 0, , C, NO, 0.02, 1, ASTM(S)    ,            , A709-50       , NO, 

1.99948e+008 

    4, CONC , C4000 sin peso    , 0, 0, , C, NO, 0.05, 2, 2.5126e+007,   0.2, 9.0000e-006,     0,     0 

 

*MATL-COLOR 

; iMAT, W_R, W_G, W_B, HF_R, HF_G, HF_B, HE_R, HE_G, HE_B, bBLEND, FACT 

    1, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    2, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    3, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    4, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

 

*TDM-TYPE    ; Time Dependent Material 

; NAME=NAME, CODE, STR, HU, VOL, AGE, CFACTA, CFACTB, TYPE, [ACI1 or ACI2]     ; CODE=ACI 

; NAME=NAME, CODE, STR, HU, MSIZE, CTYPE, AGE                                  ; 

CODE=CEB1990,KS,CEB1978,KSCE 2010,KCI-USD12,CEB-FIP2010 

; NAME=NAME, CODE, N1, PHI1, N2, PHI2                                          ; CODE=MEM 

; NAME=NAME, CODE, STR, HU, USS, UCS, VOL, RR, MOD                             ; CODE=PCA 

; NAME=NAME, CODE, STR, HU, VOL, UCS, VSR1, LAF, US, VSR, PST, bRCE, RR, MOD   ; CODE=COMBINED 

; NAME=NAME, CODE, STR, HTYPE, HU, MSIZE, CTYPE, AGE, CM                       ; CODE=JAPAN 

; NAME=NAME, CODE, ELAST, HU, VOL, CC, WC, AGE                                 ; CODE=JSCE 

; NAME=NAME, CODE, STR, HTYPE, HU, MSIZE, AGE                                  ; CODE=CHINA 

; NAME=NAME, CODE, STR, HU, MSIZE, BSC, AGE                                    ; CODE=JTG 

; NAME=NAME, CODE, STR, HU, VSR, AGE, bEXPOSE                                  ; CODE=AASHTO 

; NAME=NAME, CODE, STR, HU, MSIZE, AGE                                         ; CODE=INDIA(IRC:18-2000) 

; NAME=NAME, CODE, STR, HU, MSIZE, CTYPE, AGE                                  ; CODE=INDIA(IRC:112-2011) 

; NAME=NAME, CODE, STR, HU, MSIZE, CTYPE, AGE, TCode, bSILICA                  ; CODE=European 

; NAME=NAME, CODE, STR, EE(Not Use), FS, HT, DSE, DSC, AGE                     ; CODE=NZ Bridge(SP/M/022) 

; NAME=NAME, CODE, STR, HU, AGE, M, CMETH, CTYPE, CREEP, CONCT, W, MAXS, A, PZ ; CODE=Russian 

; NAME=NAME, CODE, STR, HU, MSIZE, BSC, AGE, FLYASH                            ; CODE=China(JTG3362-2018) 

; NAME=NAME, CODE, STR, EE, HT, DSC, DSCUSR, AGE                               ; CODE=Australia 

; NAME=NAME, CODE, bSSF, SSFNAME                                               ; CODE=USER(line1) 

;      CREEPFUNC1, AGE1, CREEPFUNC2, AGE2, ...                                 ; USER(from line 2) 

; [ACI1] : CURE, SLUMP, FAP, AIR, CC 

; [ACI2] : UCC, USS 

   NAME=C4000, CEB-FIP(2010), 28000, 70, 0.2, NR, 3, 0 

 

*TDM-ELAST    ; Time Dependent Material(Comp. Strength) 

; NAME=NAME, TYPE, CODE, STRENGTH, A, B                          ; TYPE=CODE(Korean Standard, ACI) 

; NAME=NAME, TYPE, CODE, STRENGTH, iCTYPE                        ; TYPE=CODE(CEB-FIP, Ohzagi, KCI-USD12) 

; NAME=NAME, TYPE, CODE, STRENGTH, bUSE, [DATA]                  ; TYPE=CODE(Japan(Hydration)) 

; NAME=NAME, TYPE, CODE, STRENGTH, iTYPE                         ; TYPE=CODE(Japan(Elastic)) 

; NAME=NAME, TYPE, CODE, STRENGTH                                ; TYPE=CODE(INDIA(IRC:18-2000)) 

; NAME=NAME, TYPE, CODE, STRENGTH, iCTYPE                        ; TYPE=CODE(INDIA(IRC:112-2011)) 

; NAME=NAME, TYPE, CODE, STRENGTH, iCTYPE                        ; TYPE=CODE(European) 

; NAME=NAME, TYPE, CODE, STRENGTH,                               ; TYPE=CODE(CEB-FIP(1978)) 

; NAME=NAME, TYPE, CODE, STRENGTH, TYPE, CMETH, CTYPE, MAXS, PZ  ; TYPE=CODE(Russian)) 

; NAME=NAME, TYPE, CODE, STRENGTH,                               ; TYPE=CODE=Australia 

; NAME=NAME, TYPE, CODE, STRENGTH, iCTYPE, nAGGRE                ; TYPE=CODE(CEB-FIP 2010) 

; NAME=NAME, TYPE, SCALE                                         ; TYPE=USER(line 1) 

;      DAY1, COMP1, TENS1, ELAST1, DAY2, COMP2, ...              ;      USER(from line 2) 

; [DATA] : ( A, B, D, TSF ) or ( iCTYPE, TSF) 

   NAME=C4000, CODE, CEB-FIP(2010), 36000, 1, 0 

 

*TDM-LINK    ; Time Dependent Material Link 
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; iMAT, TDM-TYPE1(CREEP/SHRINKAGE), TDM-TYPE2(ELASTICITY) 

    2, C4000, C4000 

 

*SECT-PSCVALUE    ; PSC Value, General Section, Composite PC, Composite General 

; SECT=iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, bBU, bEQ, SNAME2(PSC VAL)   ; 1st line 

;      [STIFF1]                                                                  ; 2nd line 

;      [STIFF2]                                                                  ; 3rd line 

;      [STIFF3]                                                                  ; 4th line 

;      T1, T2, BT, HT                                                            ; 5th line(PSC) 

;      bSHEARCHK, [SCHK], [WT]                                                   ; 6th line(PSC) 

;      SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc                               ; 7th line(COMPOSITE-PC) 

;      OPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Outer Polygon(PLANE) 

;      IPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Inner Polygon(PLANE) 

;      ... 

;      IPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Inner Polygon(PLANE) 

;      VERTEX=X1, Y1, X2, Y2, ..., Xn, Yn                                        ; Vertex(General-LINE) 

;      LINE=VI1, VJ1, dTHIK1, iALIGN1                                            ; Line(General-LINE) 

;      ... 

;      LINE=VIn, VJn, dTHIKn, iALIGNn                                            ; Line(General-LINE) 

;      LOOP=COUNT1, LIX11, LIX12, ..., LIXn                                      ; Line(General-LINE) 

;      ... 

;      LOOP=COUNTn, LIXn1, LIXn2, ..., LIXnn                                     ; Line(General-LINE) 

; SECT=iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, bEQ          ; 1st line - TAPERED 

;      [STIFF1-I]                                                                ; 2nd line 

;      [STIFF2-I]                                                                ; 3rd line 

;      [STIFF3-I]                                                                ; 4th line 

;      [STIFF1-J]                                                                ; 5th line 

;      [STIFF2-J]                                                                ; 6th line 

;      [STIFF3-J]                                                                ; 7th line 

;      T1-I, T2-I, BT-I, HT-I, T1-J, T2-J, BT-J, HT-J                            ; 8th line(PSC) 

;      bSHEARCHK, [SCHK-I], [WT-I], [SCHK-J], [WT-J]                             ; 9rd line(PSC) 

;      OPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Outer Polygon(PLANE) 

;      IPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Inner Polygon(PLANE) 

;      ... 

;      IPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Inner Polygon(PLANE) 

;      VERTEX=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                    ; Vertex(General-LINE) 

;      LINE=bI, VI1, VJ1, dTHIK1, iALIGN1                                        ; Line(General-LINE) 

;      ... 

;      LINE=bI, VIn, VJn, dTHIKn, iALIGNn                                        ; Line(General-LINE) 

;      LOOP=bI, COUNT1, LIX11, LIX12, ..., LIXn                                  ; Line(General-LINE) 

;      ... 

;      LOOP=bI, COUNTn, LIXn1, LIXn2, ..., LIXnn                                 ; Line(General-LINE) 

; SECT=iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, bBU, bEQ, BPRT              ; 1st line - COMPOSITE-

GEN 

;      [PART1]                                                                   ; 2nd line 

;      [PART2]                                                                   ; 3rd line 

;      ... 

; SECT=iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, bEQ, PARTNUM ; 1st line - COMPOSITE-

GEN(TAPERED) 

;      [PART1]-I                                                                 ; 2nd line 

;      [PART2]-I                                                                 ; next lines 

;      ... 

;      [PART1]-J                                                                 ; next lines 

;      [PART2]-J                                                                 ; next lines 

;      ... 

; [OFFSET] : OFFSET, iCENT, iREF, iHORZ, HUSER, iVERT, VUSER 

; [OFFSET2]: OFFSET, iCENT, iREF, iHORZ, HUSERI, HUSERJ, iVERT, VUSERI, VUSERJ 

; [STIFF1] : AREA, ASy, ASz, Ixx, Iyy, Izz 

; [STIFF2] ; Cyp, Cym, Czp, Czm, Qyb, Qzb, PERI_OUT, PERI_IN, Cy, Cz 

; [STIFF3] ; Y1, Y2, Y3, Y4, Z1, Z2, Z3, Z4 

; [SCHK]   : Z1, Z3, bAUTO_QY1, QY1, bAUTO_QY2, QY2, bAUTO_QY3, QY3 

; [WT]     : TOR, bAUTO_SHR1, SHR1, bAUTO_SHR2, SHR2, bAUTO_SHR3, SHR3 

; [PART] : PART=part_num 

;        : [STIFF1] 

;        : [STIFF2] 

;        : [STIFF3] 

;        : [STIFF1]                                                            ; [STIFF1] of Part Sum. 

;        : [STIFF2]                                                            ; [STIFF2] of Part Sum. 
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;        : [STIFF3]                                                            ; [STIFF3] of Part Sum. 

;        : OPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Outer Polygon(PLANE) 

;        : IPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Inner Polygon(PLANE) 

;        : ... 

;        : IPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Inner Polygon(PLANE) 

;        : VERTEX=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                    ; Vertex(General-LINE) 

;        : LINE=(bI-Tapered), VI1, VJ1, dTHIK1, iALIGN1                        ; Line(General-LINE) 

;        : ... 

;        : LINE=(bI-Tapered), VIn, VJn, dTHIKn, iALIGNn                        ; Line(General-LINE) 

;        : LOOP=(bI-Tapered), COUNT1, LIX11, LIX12, ..., LIXn                  ; Line(General-LINE) 

;        : ... 

;        : LOOP=(bI-Tapered), COUNTn, LIXn1, LIXn2, ..., LIXnn                 ; Line(General-LINE) 

 SECT=   1, VALUE     , Rigid             , CC, 0, 0, 0, 0, 0, 0, NO, NO, GEN, YES, YES 

       2.25, 1.875, 1.875, 0.711914, 0.421875, 0.421875 

       0.75, 0.75, 0.75, 0.75, 0.28125, 0.28125, 6, 0, 0.75, 0.75 

       0, 0, 0, 0, 0, 0, 0, 0 

 SECT=  81, VALUE     , Diafragma         , CC, 0, 0, 0, 0, 0, 0, YES, NO, GEN, YES, YES 

       0.3145, 0.262083, 0.262083, 0.00285429, 0.000757421, 0.089698 

       0.925, 0.925, 0.085, 0.085, 0.0036, 0.4278, 4.04, 0, 0.925, 0.085 

       -0.925, 0.925, 0.925, -0.925, 0.085, 0.085, -0.085, -0.085 

 

*SECTION    ; Section 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, [DATA1], [DATA2]                    ; 1st line - DB/USER 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, BLT, D1, ..., D8, iCEL              ; 1st line - VALUE 

;       AREA, ASy, ASz, Ixx, Iyy, Izz                                               ; 2nd line 

;       CyP, CyM, CzP, CzM, QyB, QzB, PERI_OUT, PERI_IN, Cy, Cz                     ; 3rd line 

;       Y1, Y2, Y3, Y4, Z1, Z2, Z3, Z4, Zyy, Zzz                                    ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, ELAST, DEN, POIS, POIC, SF, THERMAL ; 1st line - SRC 

;       D1, D2, [SRC]                                                               ; 2nd line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, 1, DB, NAME1, NAME2, D1, D2         ; 1st line - COMBINED 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, 2, D11, D12, D13, D14, D15, D21, D22, D23, D24 

; iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, STYPE                ; 1st line - TAPERED 

;       DB, NAME1, NAME2                                                            ; 2nd line(STYPE=DB) 

;       [DIM1], [DIM2]                                                              ; 2nd line(STYPE=USER) 

;       D11, D12, D13, D14, D15, D16, D17, D18                                      ; 2nd 

line(STYPE=VALUE) 

;       AREA1, ASy1, ASz1, Ixx1, Iyy1, Izz1                                         ; 3rd 

line(STYPE=VALUE) 

;       CyP1, CyM1, CzP1, CzM1, QyB1, QzB1, PERI_OUT1, PERI_IN1, Cy1, Cz1           ; 4th 

line(STYPE=VALUE) 

;       Y11, Y12, Y13, Y14, Z11, Z12, Z13, Z14, Zyy1, Zyy2                          ; 5th 

line(STYPE=VALUE) 

;       D21, D22, D23, D24, D25, D26, D27, D28                                      ; 6th 

line(STYPE=VALUE) 

;       AREA2, ASy2, ASz2, Ixx2, Iyy2, Izz2                                         ; 7th 

line(STYPE=VALUE) 

;       CyP2, CyM2, CzP2, CzM2, QyB2, QzB2, PERI_OUT2, PERI_IN2, Cy2, Cz2           ; 8th 

line(STYPE=VALUE) 

;       Y21, Y22, Y23, Y24, Z21, Z22, Z23, Z24, Zyy2, Zzz2                          ; 9th 

line(STYPE=VALUE) 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line(STYPE=PSC) 

;       ELAST, DEN, POIS, POIC, THERMAL                                             ; 2nd line(STYPE=PSC-

CMPW) 

;       bSHEARCHK, [SCHK-I], [SCHK-J], [WT-I], [WT-J], WI, WJ, bSYM, bSIDEHOLE      ; 3rd line(STYPE=PSC) 

;       bSHEARCHK, bSYM, bHUNCH, [CMPWEB-I], [CMPWEB-J]                             ; 3rd line(STYPE=PSC-

CMPW) 

;       bUSERDEFMESHSIZE, MESHSIZE, bUSERINPSTIFF, [STIFF-I], [STIFF-J]             ; 4th line(STYPE=PSC) 

;       [SIZE-A]-i                                                                  ; 5th line(STYPE=PSC) 

;       [SIZE-B]-i                                                                  ; 6th line(STYPE=PSC) 

;       [SIZE-C]-i                                                                  ; 7th line(STYPE=PSC) 

;       [SIZE-D]-i                                                                  ; 8th line(STYPE=PSC) 

;       [SIZE-A]-j                                                                  ; 9th line(STYPE=PSC) 

;       [SIZE-B]-j                                                                  ; 10th line(STYPE=PSC) 

;       [SIZE-C]-j                                                                  ; 11th line(STYPE=PSC) 

;       [SIZE-D]-j                                                                  ; 12th line(STYPE=PSC) 

;       GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, bMULTI, EsEc-L, EsEc-S             ; 2nd line(STYPE=CMP-

B/I) 
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;       SW_i, Hw_i, tw_i, B_i, Bf1_i, tf1_i, B2_i, Bf2_i, tf2_i                     ; 3rd line(STYPE=CMP-

B/I) 

;       SW_j, Hw_j, tw_j, B_j, Bf1_j, tf1_j, B2_j, Bf2_j, tf2_j                     ; 4th line(STYPE=CMP-

B/I) 

;       N1, N2, Hr, Hr2, tr1, tr2                                                   ; 5th line(STYPE=CMP-

B) 

;       GN, CTC, Bc, Tc, Hh, EgdEsb, DgdDsb, Pgd, Psb, bSYM, SW_i, SW_j             ; 2nd line(STYPE=CMP-

CI/CT) 

;       OPT1, OPT2, [JOINT]                                                         ; 3rd line(STYPE=CMP-

CI/CT) 

;       [SIZE-A]-i                                                                  ; 4th line(STYPE=CMP-

CI/CT) 

;       [SIZE-B]-i                                                                  ; 5th line(STYPE=CMP-

CI/CT) 

;       [SIZE-C]-i                                                                  ; 6th line(STYPE=CMP-

CI/CT) 

;       [SIZE-D]-i                                                                  ; 7th line(STYPE=CMP-

CI/CT) 

;       [SIZE-A]-j                                                                  ; 8th line(STYPE=CMP-

CI/CT) 

;       [SIZE-B]-j                                                                  ; 9th line(STYPE=CMP-

CI/CT) 

;       [SIZE-C]-j                                                                  ; 10th line(STYPE=CMP-

CI/CT) 

;       [SIZE-D]-j                                                                  ; 11th line(STYPE=CMP-

CI/CT) 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, STYPE1, STYPE2                             ; 1st line - CONSTRUCT 

;       SHAPE, ...(same with other type data from shape)                            ; Before (STYPE1) 

;       SHAPE, ...(same with other type data from shape)                            ; After  (STYPE2) 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-B 

;       Hw, tw, B1, Bf1, tf1, B2, Bf2, tf2                                          ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~4)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-I 

;       Hw, tw, B1, tf1, B2, tf2                                                    ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~2)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-TUB 

;       Hw, tw, B1, Bf1, tf1, B2, Bf2, tf2, Bf3, tfp                                ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~3)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-CI/CT 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line 

;       [SIZE-A]                                                                    ; 3rd line 

;       [SIZE-B]                                                                    ; 4th line 

;       [SIZE-C]                                                                    ; 5th line 

;       [SIZE-D]                                                                    ; 6th line 

;       SW, GN, CTC, Bc, Tc, Hh, EgdEsb, DgdDsb, Pgd, Psb                           ; 7th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - PSC 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line 

;       bSHEARCHK, [SCHK], [WT], WIDTH, bSYM, bSIDEHOLE                             ; 3rd line 

;       bUSERDEFMESHSIZE, MESHSIZE, bUSERINPSTIFF, [STIFF]                          ; 4th line 

;       bWE, [WARPING POINT]-i, [WARPING POINT]-j                                   ; 5th line 

;       [SIZE-A]                                                                    ; 6th line 

;       [SIZE-B]                                                                    ; 7th line 

;       [SIZE-C]                                                                    ; 8th line 

;       [SIZE-D]                                                                    ; 9th line 

; [DATA1] : 1, DB, NAME or 2, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10 

; [DATA2] : CCSHAPE or iCEL or iN1, iN2 

; [SRC]  : 1, DB, NAME1, NAME2 or 2, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, iN1, iN2 

; [DIM1], [DIM2] : D1, D2, D3, D4, D5, D6, D7, D8 

; [OFFSET] : OFFSET, iCENT, iREF, iHORZ, HUSER, iVERT, VUSER 

; [OFFSET2]: OFFSET, iCENT, iREF, iHORZ, HUSERI, HUSERJ, iVERT, VUSERI, VUSERJ 

; [SHAPE-NUM]: SHAPE-NUM, POS, STIFF-NUM1, STIFF-NUM2, STIFF-NUM3, STIFF-NUM4 
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; [STIFF-SHAPE]: SHAPE-NUM, for(SHAPE-NUM) { NAME, SIZE1~8 } 

; [STIFF-POS]: STIFF-NUM, for(STIFF-NUM) { SPACING, iSHAPE, bCALC } 

; [JOINT]  :  8(1CELL, 2CELL), 13(3CELL),  9(PSCM),  8(PSCH), 9(PSCT),  2(PSCB), 0(nCELL),  2(nCEL2) 

; [SIZE-A] :  6(1CELL, 2CELL), 10(3CELL), 10(PSCM),  6(PSCH), 8(PSCT), 10(PSCB), 5(nCELL), 11(nCEL2) 

; [SIZE-B] :  6(1CELL, 2CELL), 12(3CELL),  6(PSCM),  6(PSCH), 8(PSCT),  6(PSCB), 8(nCELL), 18(nCEL2) 

; [SIZE-C] : 10(1CELL, 2CELL), 13(3CELL),  9(PSCM), 10(PSCH), 7(PSCT),  8(PSCB), 0(nCELL), 11(nCEL2) 

; [SIZE-D] :  8(1CELL, 2CELL), 13(3CELL),  6(PSCM),  7(PSCH), 8(PSCT),  5(PSCB), 0(nCELL), 18(nCEL2) 

; [STIFF]  : AREA, ASy, ASz, Ixx, Iyy, Izz 

; [SCHK]   : bAUTO_Z1, Z1, bAUTO_Z3, Z3 

; [WT]     : bAUTO_TOR, TOR, bAUTO_SHR1, SHR1, bAUTO_SHR2, SHR2, bAUTO_SHR3, SHR3 

; [CMPWEB] : EFD, LRF, A, B, H, T 

; [WARPING POINT] : nWarpingCheck, X1,X2,X3,X4,X5,X6, Y1,Y2,Y3,Y4,Y5,Y6 

    2, DBUSER    , "1000x600x(7/8\")", CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 1, 0.0222, 0.0222, 

0.9778, 0.0222, 0, 0, 0, 0 

    3, DBUSER    , "500x600x(1\")"   , CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 0.5, 0.0254, 0.0254, 

0.4746, 0.0254, 0, 0, 0, 0 

    4, DBUSER    , "500x600x(7/8\")" , CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 0.5, 0.0222, 0.0222, 

0.4778, 0.0222, 0, 0, 0, 0 

    5, DBUSER    , "500x1600x(1\")"  , CT, 0, 1, 0, 0, 1, 1, YES, NO, B  , 2, 1.6, 0.5, 0.0254, 0.0254, 

0.4746, 0.0254, 0, 0, 0, 0 

    6, DBUSER    , "500x1600x(7/8\")", CT, 0, 1, 0, 0, 1, 1, YES, NO, B  , 2, 1.6, 0.5, 0.0222, 0.0222, 

0.4778, 0.0222, 0, 0, 0, 0 

    7, DBUSER    , W14X53            , CT, 0, 0, 0, 0, 0, 0, YES, NO, H  , 1, AISC10(US), W14X53 

   10, TAPERED   , "F_0.0-0.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   11, TAPERED   , "F_0.0-0.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.788, 0.788, 0.0381, 0.0381, 0.7499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   12, TAPERED   , "F_0.0-1.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.825, 0.825, 0.0381, 0.0381, 0.7869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   13, TAPERED   , "F_0.0-1.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.863, 0.863, 0.0381, 0.0381, 0.8249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   14, TAPERED   , "F_0.0-2.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.9, 0.9, 0.0381, 0.0381, 0.8619, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   15, TAPERED   , "F_0.0-2.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.938, 0.938, 0.0381, 0.0381, 0.8999, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   16, TAPERED   , "F_0.0-3.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.975, 0.975, 0.0381, 0.0381, 0.9369, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   17, TAPERED   , "F_0.0-3.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.013, 1.013, 0.0381, 0.0381, 0.9749, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   18, TAPERED   , "F_0.0-4.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.05, 1.05, 0.0381, 0.0381, 1.0119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   19, TAPERED   , "F_0.0-4.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.088, 1.088, 0.0381, 0.0381, 1.0499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   20, TAPERED   , "F_0.0-5.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.125, 1.125, 0.0381, 0.0381, 1.0869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   21, TAPERED   , "F_0.0-5.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.163, 1.163, 0.0381, 0.0381, 1.1249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   22, TAPERED   , "F_0.0-6.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.2, 1.2, 0.0381, 0.0381, 1.1619, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   23, TAPERED   , "F_0.0-6.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.238, 1.238, 0.0381, 0.0381, 1.1999, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   24, TAPERED   , "F_0.0-7.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.275, 1.275, 0.0381, 0.0381, 1.2369, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   25, TAPERED   , "F_0.0-7.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.313, 1.313, 0.0381, 0.0381, 1.2749, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   26, TAPERED   , "F_0.0-8.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 
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       1.35, 1.35, 0.0381, 0.0381, 1.3119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   27, TAPERED   , "F_0.0-8.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.388, 1.388, 0.0381, 0.0381, 1.3499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   28, TAPERED   , "F_0.0-9.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.425, 1.425, 0.0381, 0.0381, 1.3869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   29, TAPERED   , "F_0.0-9.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.463, 1.463, 0.0381, 0.0381, 1.4249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   31, TAPERED   , "F_R_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0,  0.665, 1.01, 0.0381, 0.0381, 0.9719, 0.0381, 0, 

0 

   32, TAPERED   , "F_R_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.665, 1.01, 0.0381, 0.0381, 0.9719, 0.0381, 0, 0,  0.621, 1.43, 0.0381, 0.0381, 1.3919, 0.0381, 0, 

0 

   33, TAPERED   , "F_R_Inf_b_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.694, 0.694, 0.0445, 0.0445, 0.6495, 0.0445, 0, 0,  0.665, 0.665, 0.0445, 0.0445, 0.6205, 0.0445, 

0, 0 

   34, TAPERED   , "F_R_Sup_b_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.656, 0.656, 0.0445, 0.0445, 0.6115, 0.0445, 0, 0,  0.627, 0.627, 0.0445, 0.0445, 0.5825, 0.0445, 

0, 0 

   35, TAPERED   , "F_R_Sup_c_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.634, 1.33, 0.0381, 0.0381, 1.2919, 0.0381, 0, 0,  0.621, 1.43, 0.0381, 0.0381, 1.3919, 0.0381, 0, 

0 

   36, TAPERED   , "F_R_Sup_d_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.63, 0.63, 0.0445, 0.0445, 0.5855, 0.0445, 0, 0,  0.627, 0.627, 0.0445, 0.0445, 0.5825, 0.0445, 0, 

0 

   41, DBUSER    , C_125x125         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.25, 1.25, 0, 0, 0, 0, 0, 

0, 0, 0 

   42, DBUSER    , C_130x130         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.3, 1.3, 0, 0, 0, 0, 0, 0, 

0, 0 

   43, DBUSER    , C_135x135         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.35, 1.35, 0, 0, 0, 0, 0, 

0, 0, 0 

   44, DBUSER    , C_140x140         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.4, 1.4, 0, 0, 0, 0, 0, 0, 

0, 0 

   45, DBUSER    , C_145x145         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.45, 1.45, 0, 0, 0, 0, 0, 

0, 0, 0 

   46, DBUSER    , C_150x150         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.45, 1.45, 0, 0, 0, 0, 0, 

0, 0, 0 

   47, DBUSER    , C_155x155         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.55, 1.55, 0, 0, 0, 0, 0, 

0, 0, 0 

   48, DBUSER    , C_160x160         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.6, 1.6, 0, 0, 0, 0, 0, 0, 

0, 0 

   49, DBUSER    , C_165x165         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.65, 1.65, 0, 0, 0, 0, 0, 

0, 0, 0 

   50, DBUSER    , C_170x170         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.7, 1.7, 0, 0, 0, 0, 0, 0, 

0, 0 

   51, DBUSER    , C_185(95)x250(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 2.5, 1.85, 0.45, 0.825, 0, 

0, 0, 0, 0, 0 

   52, DBUSER    , C_215(95)x290(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 2.9, 2.15, 0.6, 1.025, 0, 

0, 0, 0, 0, 0 

   53, DBUSER    , C_150(95)x185(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 1.85, 1.5, 0.275, 0.5, 0, 

0, 0, 0, 0, 0 

   54, DBUSER    , C_160x130         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.6, 1.3, 0, 0, 0, 0, 0, 0, 

0, 0 

   55, DBUSER    , C_125x215         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.25, 2.15, 0, 0, 0, 0, 0, 

0, 0, 0 

   61, DBUSER    , Encep_500x150     , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.5, 5, 0, 0, 0, 0, 0, 0, 0, 

0 

   62, DBUSER    , Encep_170x170     , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.7, 1.7, 0, 0, 0, 0, 0, 0, 

0, 0 

   63, DBUSER    , Pilote_1.00       , CC, 0, 0, 0, 0, 0, 0, YES, NO, SR , 2, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0 

   64, DBUSER    , Pilote_1.20       , CC, 0, 0, 0, 0, 0, 0, YES, NO, SR , 2, 1.2, 0, 0, 0, 0, 0, 0, 0, 0, 

0 

   65, DBUSER    , Viga_120x100      , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1, 1.2, 0, 0, 0, 0, 0, 0, 0, 

0 

   71, TAPERED   , "R_Transv_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 
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       0.4, 0.625, 0.0381, 0.0381, 0.5869, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

   72, TAPERED   , "R_Long_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.665, 0.0381, 0.0381, 0.6269, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

   73, TAPERED   , "R_Vert_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.621, 0.621, 0.0381, 0.0381, 0.5829, 0.0381, 0, 0,  0.45, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 

0 

  131, TAPERED   , "F_R_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       0.75, 0.75, 0.0286, 0.0286, 0.0381, 0, 0, 0,  1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0 

  132, TAPERED   , "F_R_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  133, TAPERED   , "F_R_Inf_b_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.21, 0.87, 0.0875, 0.2585, 0.0381, 0, 0, 0,  1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0 

  134, TAPERED   , "F_R_Sup_b_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.59, 1.08, 0.212, 0.4695, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  136, TAPERED   , "F_R_Sup_d_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.97, 1.33, 0.35, 0.6715, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  171, TAPERED   , "R_Transv_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.64, 0.598, 0.0381, 0.0381, 0.5599, 0.0381, 0, 0,  0.4, 0.543, 0.0381, 0.0381, 0.5049, 0.0381, 0, 

0 

  172, TAPERED   , "R_Long_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.58, 0.615, 0.0381, 0.0381, 0.5769, 0.0381, 0, 0,  0.4, 0.568, 0.0381, 0.0381, 0.5299, 0.0381, 0, 

0 

  173, TAPERED   , "R_Transv_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.543, 0.0381, 0.0381, 0.5049, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

  174, TAPERED   , "R_Long_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.568, 0.0381, 0.0381, 0.5299, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

 

*SECT-COLOR 

; iSEC, W_R, W_G, W_B, HF_R, HF_G, HF_B, HE_R, HE_G, HE_B, bBLEND, FACT 

    1, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    2, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    3, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    4, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    5, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    6, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

    7, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   10, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   11, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   12, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   13, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   14, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   15, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   16, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   17, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   18, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   19, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   20, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   21, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   22, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   23, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   24, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   25, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   26, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   27, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   28, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   29, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   31, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   32, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   33, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   34, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   35, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   36, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   41, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   42, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   43, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   44, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   45, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   46, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 
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   47, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   48, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   49, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   50, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   51, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   52, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   53, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   54, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   55, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   61, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   62, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   63, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   64, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   65, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   71, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   72, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   73, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

   81, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  131, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  132, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  133, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  134, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  136, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  171, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  172, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  173, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

  174, 255,   0,   0,    0, 255,   0,    0,   0, 255,  NO, 0.5 

 

*SECT-SCALE    ; Section Stiffness Scale Factor 

; iSEC, AREA_SF, ASY_SF, ASZ_SF, IXX_SF, IYY_SF, IZZ_SF, WGT_SF, GROUP, iPart, bDiffIJ ; line 1 

;       J1, J2, J3, J4, J5, J6, J7                                                     ; line 2 

(bDiffIJ=YES) 

   65, 1, 1, 1, 1, 0.5, 1, 1, Relajaciones, 1, NO 

 

*COMP-GEN-SECT-PSC-DESIGN    ; Composite Section for PSC Design 

; SECT, bCompPSC, (Z1, Z2, Z3, t1, t2, t3, TotT)-I, (Z1, Z2, Z3, t1, t2, t3, TotT)-J 

    11, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    12, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    13, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    14, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    15, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    16, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    17, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    18, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    19, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    20, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    21, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    22, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    23, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    24, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    25, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    26, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    27, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    28, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    29, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    31, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    32, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    33, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    34, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    71, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    72, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

    73, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

   136, NO,  0, 0, 0, 0, 0, 0, 0,  0, 0, 0, 0, 0, 0, 0 

 

*DGN-SECT 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, [DATA1], [DATA2]                    ; 1st line - DB/USER 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, BLT, D1, ..., D8, iCEL              ; 1st line - VALUE 

;       AREA, ASy, ASz, Ixx, Iyy, Izz                                               ; 2nd line 
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;       CyP, CyM, CzP, CzM, QyB, QzB, PERI_OUT, PERI_IN, Cy, Cz                     ; 3rd line 

;       Y1, Y2, Y3, Y4, Z1, Z2, Z3, Z4, Zyy, Zzz                                    ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, ELAST, DEN, POIS, POIC, SF, THERMAL ; 1st line - SRC 

;       D1, D2, [SRC]                                                               ; 2nd line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, 1, DB, NAME1, NAME2, D1, D2         ; 1st line - COMBINED 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, 2, D11, D12, D13, D14, D15, D21, D22, D23, D24 

; iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, STYPE                ; 1st line - TAPERED 

;       DB, NAME1, NAME2                                                            ; 2nd line(STYPE=DB) 

;       [DIM1], [DIM2]                                                              ; 2nd line(STYPE=USER) 

;       D11, D12, D13, D14, D15, D16, D17, D18                                      ; 2nd 

line(STYPE=VALUE) 

;       AREA1, ASy1, ASz1, Ixx1, Iyy1, Izz1                                         ; 3rd 

line(STYPE=VALUE) 

;       CyP1, CyM1, CzP1, CzM1, QyB1, QzB1, PERI_OUT1, PERI_IN1, Cy1, Cz1           ; 4th 

line(STYPE=VALUE) 

;       Y11, Y12, Y13, Y14, Z11, Z12, Z13, Z14, Zyy1, Zyy2                          ; 5th 

line(STYPE=VALUE) 

;       D21, D22, D23, D24, D25, D26, D27, D28                                      ; 6th 

line(STYPE=VALUE) 

;       AREA2, ASy2, ASz2, Ixx2, Iyy2, Izz2                                         ; 7th 

line(STYPE=VALUE) 

;       CyP2, CyM2, CzP2, CzM2, QyB2, QzB2, PERI_OUT2, PERI_IN2, Cy2, Cz2           ; 8th 

line(STYPE=VALUE) 

;       Y21, Y22, Y23, Y24, Z21, Z22, Z23, Z24, Zyy2, Zzz2                          ; 9th 

line(STYPE=VALUE) 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line(STYPE=PSC) 

;       ELAST, DEN, POIS, POIC, THERMAL                                             ; 2nd line(STYPE=PSC-

CMPW) 

;       bSHEARCHK, [SCHK-I], [SCHK-J], [WT-I], [WT-J], WI, WJ, bSYM, bSIDEHOLE      ; 3rd line(STYPE=PSC) 

;       bSHEARCHK, bSYM, bHUNCH, [CMPWEB-I], [CMPWEB-J]                             ; 3rd line(STYPE=PSC-

CMPW) 

;       bUSERDEFMESHSIZE, MESHSIZE, bUSERINPSTIFF, [STIFF-I], [STIFF-J]             ; 4th line(STYPE=PSC) 

;       [SIZE-A]-i                                                                  ; 5th line(STYPE=PSC) 

;       [SIZE-B]-i                                                                  ; 6th line(STYPE=PSC) 

;       [SIZE-C]-i                                                                  ; 7th line(STYPE=PSC) 

;       [SIZE-D]-i                                                                  ; 8th line(STYPE=PSC) 

;       [SIZE-A]-j                                                                  ; 9th line(STYPE=PSC) 

;       [SIZE-B]-j                                                                  ; 10th line(STYPE=PSC) 

;       [SIZE-C]-j                                                                  ; 11th line(STYPE=PSC) 

;       [SIZE-D]-j                                                                  ; 12th line(STYPE=PSC) 

;       GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, bMULTI, EsEc-L, EsEc-S             ; 2nd line(STYPE=CMP-

B/I) 

;       SW_i, Hw_i, tw_i, B_i, Bf1_i, tf1_i, B2_i, Bf2_i, tf2_i                     ; 3rd line(STYPE=CMP-

B/I) 

;       SW_j, Hw_j, tw_j, B_j, Bf1_j, tf1_j, B2_j, Bf2_j, tf2_j                     ; 4th line(STYPE=CMP-

B/I) 

;       N1, N2, Hr, Hr2, tr1, tr2                                                   ; 5th line(STYPE=CMP-

B) 

;       GN, CTC, Bc, Tc, Hh, EgdEsb, DgdDsb, Pgd, Psb, bSYM, SW_i, SW_j             ; 2nd line(STYPE=CMP-

CI/CT) 

;       OPT1, OPT2, [JOINT]                                                         ; 3rd line(STYPE=CMP-

CI/CT) 

;       [SIZE-A]-i                                                                  ; 4th line(STYPE=CMP-

CI/CT) 

;       [SIZE-B]-i                                                                  ; 5th line(STYPE=CMP-

CI/CT) 

;       [SIZE-C]-i                                                                  ; 6th line(STYPE=CMP-

CI/CT) 

;       [SIZE-D]-i                                                                  ; 7th line(STYPE=CMP-

CI/CT) 

;       [SIZE-A]-j                                                                  ; 8th line(STYPE=CMP-

CI/CT) 

;       [SIZE-B]-j                                                                  ; 9th line(STYPE=CMP-

CI/CT) 

;       [SIZE-C]-j                                                                  ; 10th line(STYPE=CMP-

CI/CT) 

;       [SIZE-D]-j                                                                  ; 11th line(STYPE=CMP-

CI/CT) 
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; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, STYPE1, STYPE2                             ; 1st line - CONSTRUCT 

;       SHAPE, ...(same with other type data from shape)                            ; Before (STYPE1) 

;       SHAPE, ...(same with other type data from shape)                            ; After  (STYPE2) 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-B 

;       Hw, tw, B1, Bf1, tf1, B2, Bf2, tf2                                          ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~4)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-I 

;       Hw, tw, B1, tf1, B2, tf2                                                    ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~2)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-TUB 

;       Hw, tw, B1, Bf1, tf1, B2, Bf2, tf2, Bf3, tfp                                ; 2nd line 

;       [SHAPE-NUM], [STIFF-SHAPE], [STIFF-POS] (1~3)                               ; 3rd line 

;       SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc, TsTc, bMulti, Elong, Esh       ; 4th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - 

COMPOSITE-CI/CT 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line 

;       [SIZE-A]                                                                    ; 3rd line 

;       [SIZE-B]                                                                    ; 4th line 

;       [SIZE-C]                                                                    ; 5th line 

;       [SIZE-D]                                                                    ; 6th line 

;       SW, GN, CTC, Bc, Tc, Hh, EgdEsb, DgdDsb, Pgd, Psb                           ; 7th line 

; iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE                                      ; 1st line - PSC 

;       OPT1, OPT2, [JOINT]                                                         ; 2nd line 

;       bSHEARCHK, [SCHK], [WT], WIDTH, bSYM, bSIDEHOLE                             ; 3rd line 

;       bUSERDEFMESHSIZE, MESHSIZE, bUSERINPSTIFF, [STIFF]                          ; 4th line 

;       bWE, [WARPING POINT]-i, [WARPING POINT]-j                                   ; 5th line 

;       [SIZE-A]                                                                    ; 6th line 

;       [SIZE-B]                                                                    ; 7th line 

;       [SIZE-C]                                                                    ; 8th line 

;       [SIZE-D]                                                                    ; 9th line 

; [DATA1] : 1, DB, NAME or 2, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10 

; [DATA2] : CCSHAPE or iCEL or iN1, iN2 

; [SRC]  : 1, DB, NAME1, NAME2 or 2, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, iN1, iN2 

; [DIM1], [DIM2] : D1, D2, D3, D4, D5, D6, D7, D8 

; [OFFSET] : OFFSET, iCENT, iREF, iHORZ, HUSER, iVERT, VUSER 

; [OFFSET2]: OFFSET, iCENT, iREF, iHORZ, HUSERI, HUSERJ, iVERT, VUSERI, VUSERJ 

; [SHAPE-NUM]: SHAPE-NUM, POS, STIFF-NUM1, STIFF-NUM2, STIFF-NUM3, STIFF-NUM4 

; [STIFF-SHAPE]: SHAPE-NUM, for(SHAPE-NUM) { NAME, SIZE1~8 } 

; [STIFF-POS]: STIFF-NUM, for(STIFF-NUM) { SPACING, iSHAPE, bCALC } 

; [JOINT]  :  8(1CELL, 2CELL), 13(3CELL),  9(PSCM),  8(PSCH), 9(PSCT),  2(PSCB), 0(nCELL),  2(nCEL2) 

; [SIZE-A] :  6(1CELL, 2CELL), 10(3CELL), 10(PSCM),  6(PSCH), 8(PSCT), 10(PSCB), 5(nCELL), 11(nCEL2) 

; [SIZE-B] :  6(1CELL, 2CELL), 12(3CELL),  6(PSCM),  6(PSCH), 8(PSCT),  6(PSCB), 8(nCELL), 18(nCEL2) 

; [SIZE-C] : 10(1CELL, 2CELL), 13(3CELL),  9(PSCM), 10(PSCH), 7(PSCT),  8(PSCB), 0(nCELL), 11(nCEL2) 

; [SIZE-D] :  8(1CELL, 2CELL), 13(3CELL),  6(PSCM),  7(PSCH), 8(PSCT),  5(PSCB), 0(nCELL), 18(nCEL2) 

; [STIFF]  : AREA, ASy, ASz, Ixx, Iyy, Izz 

; [SCHK]   : bAUTO_Z1, Z1, bAUTO_Z3, Z3 

; [WT]     : bAUTO_TOR, TOR, bAUTO_SHR1, SHR1, bAUTO_SHR2, SHR2, bAUTO_SHR3, SHR3 

; [CMPWEB] : EFD, LRF, A, B, H, T 

; [WARPING POINT] : nWarpingCheck, X1,X2,X3,X4,X5,X6, Y1,Y2,Y3,Y4,Y5,Y6 

    2, DBUSER    , "1000x600x(7/8\")", CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 1, 0.0222, 0.0222, 

0.9778, 0.0222, 0, 0, 0, 0 

    3, DBUSER    , "500x600x(1\")"   , CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 0.5, 0.0254, 0.0254, 

0.4746, 0.0254, 0, 0, 0, 0 

    4, DBUSER    , "500x600x(7/8\")" , CT, 0, 0, 0, 0, 0, 0, YES, NO, B  , 2, 0.6, 0.5, 0.0222, 0.0222, 

0.4778, 0.0222, 0, 0, 0, 0 

    5, DBUSER    , "500x1600x(1\")"  , CT, 0, 1, 0, 0, 1, 1, YES, NO, B  , 2, 1.6, 0.5, 0.0254, 0.0254, 

0.4746, 0.0254, 0, 0, 0, 0 

    6, DBUSER    , "500x1600x(7/8\")", CT, 0, 1, 0, 0, 1, 1, YES, NO, B  , 2, 1.6, 0.5, 0.0222, 0.0222, 

0.4778, 0.0222, 0, 0, 0, 0 

    7, DBUSER    , W14X53            , CT, 0, 0, 0, 0, 0, 0, YES, NO, H  , 1, AISC10(US), W14X53 

   10, TAPERED   , "F_0.0-0.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   11, TAPERED   , "F_0.0-0.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 
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       0.788, 0.788, 0.0381, 0.0381, 0.7499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   12, TAPERED   , "F_0.0-1.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.825, 0.825, 0.0381, 0.0381, 0.7869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   13, TAPERED   , "F_0.0-1.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.863, 0.863, 0.0381, 0.0381, 0.8249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   14, TAPERED   , "F_0.0-2.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.9, 0.9, 0.0381, 0.0381, 0.8619, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   15, TAPERED   , "F_0.0-2.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.938, 0.938, 0.0381, 0.0381, 0.8999, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   16, TAPERED   , "F_0.0-3.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.975, 0.975, 0.0381, 0.0381, 0.9369, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   17, TAPERED   , "F_0.0-3.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.013, 1.013, 0.0381, 0.0381, 0.9749, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   18, TAPERED   , "F_0.0-4.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.05, 1.05, 0.0381, 0.0381, 1.0119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   19, TAPERED   , "F_0.0-4.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.088, 1.088, 0.0381, 0.0381, 1.0499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   20, TAPERED   , "F_0.0-5.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.125, 1.125, 0.0381, 0.0381, 1.0869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   21, TAPERED   , "F_0.0-5.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.163, 1.163, 0.0381, 0.0381, 1.1249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   22, TAPERED   , "F_0.0-6.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.2, 1.2, 0.0381, 0.0381, 1.1619, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   23, TAPERED   , "F_0.0-6.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.238, 1.238, 0.0381, 0.0381, 1.1999, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   24, TAPERED   , "F_0.0-7.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.275, 1.275, 0.0381, 0.0381, 1.2369, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   25, TAPERED   , "F_0.0-7.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.313, 1.313, 0.0381, 0.0381, 1.2749, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   26, TAPERED   , "F_0.0-8.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.35, 1.35, 0.0381, 0.0381, 1.3119, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0 

   27, TAPERED   , "F_0.0-8.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.388, 1.388, 0.0381, 0.0381, 1.3499, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   28, TAPERED   , "F_0.0-9.0_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.425, 1.425, 0.0381, 0.0381, 1.3869, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   29, TAPERED   , "F_0.0-9.5_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       1.463, 1.463, 0.0381, 0.0381, 1.4249, 0.0381, 0, 0,  0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 

0 

   31, TAPERED   , "F_R_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.75, 0.75, 0.0381, 0.0381, 0.7119, 0.0381, 0, 0,  0.665, 1.01, 0.0381, 0.0381, 0.9719, 0.0381, 0, 

0 

   32, TAPERED   , "F_R_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.665, 1.01, 0.0381, 0.0381, 0.9719, 0.0381, 0, 0,  0.621, 1.43, 0.0381, 0.0381, 1.3919, 0.0381, 0, 

0 

   33, TAPERED   , "F_R_Inf_b_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.694, 0.694, 0.0445, 0.0445, 0.6495, 0.0445, 0, 0,  0.665, 0.665, 0.0445, 0.0445, 0.6205, 0.0445, 

0, 0 

   34, TAPERED   , "F_R_Sup_b_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.656, 0.656, 0.0445, 0.0445, 0.6115, 0.0445, 0, 0,  0.627, 0.627, 0.0445, 0.0445, 0.5825, 0.0445, 

0, 0 

   35, TAPERED   , "F_R_Sup_c_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.634, 1.33, 0.0381, 0.0381, 1.2919, 0.0381, 0, 0,  0.621, 1.43, 0.0381, 0.0381, 1.3919, 0.0381, 0, 

0 

   36, TAPERED   , "F_R_Sup_d_(1-3/4\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 444 DE 708 

 

 

       0.63, 0.63, 0.0445, 0.0445, 0.5855, 0.0445, 0, 0,  0.627, 0.627, 0.0445, 0.0445, 0.5825, 0.0445, 0, 

0 

   41, DBUSER    , C_125x125         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.25, 1.25, 0, 0, 0, 0, 0, 

0, 0, 0 

   42, DBUSER    , C_130x130         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.3, 1.3, 0, 0, 0, 0, 0, 0, 

0, 0 

   43, DBUSER    , C_135x135         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.35, 1.35, 0, 0, 0, 0, 0, 

0, 0, 0 

   44, DBUSER    , C_140x140         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.4, 1.4, 0, 0, 0, 0, 0, 0, 

0, 0 

   45, DBUSER    , C_145x145         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.45, 1.45, 0, 0, 0, 0, 0, 

0, 0, 0 

   46, DBUSER    , C_150x150         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.45, 1.45, 0, 0, 0, 0, 0, 

0, 0, 0 

   47, DBUSER    , C_155x155         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.55, 1.55, 0, 0, 0, 0, 0, 

0, 0, 0 

   48, DBUSER    , C_160x160         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.6, 1.6, 0, 0, 0, 0, 0, 0, 

0, 0 

   49, DBUSER    , C_165x165         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.65, 1.65, 0, 0, 0, 0, 0, 

0, 0, 0 

   50, DBUSER    , C_170x170         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.7, 1.7, 0, 0, 0, 0, 0, 0, 

0, 0 

   51, DBUSER    , C_185(95)x250(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 2.5, 1.85, 0.45, 0.825, 0, 

0, 0, 0, 0, 0 

   52, DBUSER    , C_215(95)x290(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 2.9, 2.15, 0.6, 1.025, 0, 

0, 0, 0, 0, 0 

   53, DBUSER    , C_150(95)x185(85) , CC, 0, 0, 0, 0, 0, 0, YES, NO, SOCT, 2, 1.85, 1.5, 0.275, 0.5, 0, 

0, 0, 0, 0, 0 

   54, DBUSER    , C_160x130         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.6, 1.3, 0, 0, 0, 0, 0, 0, 

0, 0 

   55, DBUSER    , C_125x215         , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.25, 2.15, 0, 0, 0, 0, 0, 

0, 0, 0 

   61, DBUSER    , Encep_500x150     , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.5, 5, 0, 0, 0, 0, 0, 0, 0, 

0 

   62, DBUSER    , Encep_170x170     , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1.7, 1.7, 0, 0, 0, 0, 0, 0, 

0, 0 

   63, DBUSER    , Pilote_1.00       , CC, 0, 0, 0, 0, 0, 0, YES, NO, SR , 2, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0 

   64, DBUSER    , Pilote_1.20       , CC, 0, 0, 0, 0, 0, 0, YES, NO, SR , 2, 1.2, 0, 0, 0, 0, 0, 0, 0, 0, 

0 

   65, DBUSER    , Viga_120x100      , CC, 0, 0, 0, 0, 0, 0, YES, NO, SB , 2, 1, 1.2, 0, 0, 0, 0, 0, 0, 0, 

0 

   71, TAPERED   , "R_Transv_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.625, 0.0381, 0.0381, 0.5869, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

   72, TAPERED   , "R_Long_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.665, 0.0381, 0.0381, 0.6269, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

   73, TAPERED   , "R_Vert_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.621, 0.621, 0.0381, 0.0381, 0.5829, 0.0381, 0, 0,  0.45, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 

0 

  131, TAPERED   , "F_R_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       0.75, 0.75, 0.0286, 0.0286, 0.0381, 0, 0, 0,  1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0 

  132, TAPERED   , "F_R_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  133, TAPERED   , "F_R_Inf_b_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.21, 0.87, 0.0875, 0.2585, 0.0381, 0, 0, 0,  1.48, 1.01, 0.1735, 0.4085, 0.0381, 0, 0, 0 

  134, TAPERED   , "F_R_Sup_b_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.59, 1.08, 0.212, 0.4695, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  136, TAPERED   , "F_R_Sup_d_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, OCT, 1, 1, USER 

       1.97, 1.33, 0.35, 0.6715, 0.0381, 0, 0, 0,  2.12, 1.43, 0.4075, 0.7505, 0.0381, 0, 0, 0 

  171, TAPERED   , "R_Transv_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.64, 0.598, 0.0381, 0.0381, 0.5599, 0.0381, 0, 0,  0.4, 0.543, 0.0381, 0.0381, 0.5049, 0.0381, 0, 

0 

  172, TAPERED   , "R_Long_Inf_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.58, 0.615, 0.0381, 0.0381, 0.5769, 0.0381, 0, 0,  0.4, 0.568, 0.0381, 0.0381, 0.5299, 0.0381, 0, 

0 

  173, TAPERED   , "R_Transv_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.543, 0.0381, 0.0381, 0.5049, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 

  174, TAPERED   , "R_Long_Sup_(1-1/2\")", CC, 0, 0, 0, 0, 0, 0, 0, 0, YES, NO, B  , 1, 1, USER 

       0.4, 0.568, 0.0381, 0.0381, 0.5299, 0.0381, 0, 0,  0.4, 0.45, 0.0381, 0.0381, 0.4119, 0.0381, 0, 0 
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*DGN-SECT-PSCVALUE    ; Design Section of PSC Value 

; SECT=iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, bBU, bEQ, SNAME2(PSC VAL)   ; 1st line 

;      [STIFF1]                                                                  ; 2nd line 

;      [STIFF2]                                                                  ; 3rd line 

;      [STIFF3]                                                                  ; 4th line 

;      T1, T2, BT, HT                                                            ; 5th line(PSC) 

;      bSHEARCHK, [SCHK], [WT]                                                   ; 6th line(PSC) 

;      SW, GN, CTC, Bc, Tc, Hh, EsEc, DsDc, Ps, Pc                               ; 7th line(COMPOSITE-PC) 

;      OPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Outer Polygon(PLANE) 

;      IPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Inner Polygon(PLANE) 

;      ... 

;      IPOLY=X1, Y1, X2, Y2, ..., Xn, Yn                                         ; Inner Polygon(PLANE) 

;      VERTEX=X1, Y1, X2, Y2, ..., Xn, Yn                                        ; Vertex(General-LINE) 

;      LINE=VI1, VJ1, dTHIK1, iALIGN1                                            ; Line(General-LINE) 

;      ... 

;      LINE=VIn, VJn, dTHIKn, iALIGNn                                            ; Line(General-LINE) 

;      LOOP=COUNT1, LIX11, LIX12, ..., LIXn                                      ; Line(General-LINE) 

;      ... 

;      LOOP=COUNTn, LIXn1, LIXn2, ..., LIXnn                                     ; Line(General-LINE) 

; SECT=iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, bEQ          ; 1st line - TAPERED 

;      [STIFF1-I]                                                                ; 2nd line 

;      [STIFF2-I]                                                                ; 3rd line 

;      [STIFF3-I]                                                                ; 4th line 

;      [STIFF1-J]                                                                ; 5th line 

;      [STIFF2-J]                                                                ; 6th line 

;      [STIFF3-J]                                                                ; 7th line 

;      T1-I, T2-I, BT-I, HT-I, T1-J, T2-J, BT-J, HT-J                            ; 8th line(PSC) 

;      bSHEARCHK, [SCHK-I], [WT-I], [SCHK-J], [WT-J]                             ; 9rd line(PSC) 

;      OPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Outer Polygon(PLANE) 

;      IPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Inner Polygon(PLANE) 

;      ... 

;      IPOLY=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                     ; Inner Polygon(PLANE) 

;      VERTEX=bI, X1, Y1, X2, Y2, ..., Xn, Yn                                    ; Vertex(General-LINE) 

;      LINE=bI, VI1, VJ1, dTHIK1, iALIGN1                                        ; Line(General-LINE) 

;      ... 

;      LINE=bI, VIn, VJn, dTHIKn, iALIGNn                                        ; Line(General-LINE) 

;      LOOP=bI, COUNT1, LIX11, LIX12, ..., LIXn                                  ; Line(General-LINE) 

;      ... 

;      LOOP=bI, COUNTn, LIXn1, LIXn2, ..., LIXnn                                 ; Line(General-LINE) 

; SECT=iSEC, TYPE, SNAME, [OFFSET], bSD, bWE, SHAPE, bBU, bEQ, BPRT              ; 1st line - COMPOSITE-

GEN 

;      [PART1]                                                                   ; 2nd line 

;      [PART2]                                                                   ; 3rd line 

;      ... 

; SECT=iSEC, TYPE, SNAME, [OFFSET2], bSD, bWE, SHAPE, iyVAR, izVAR, bEQ, PARTNUM ; 1st line - COMPOSITE-

GEN(TAPERED) 

;      [PART1]-I                                                                 ; 2nd line 

;      [PART2]-I                                                                 ; next lines 

;      ... 

;      [PART1]-J                                                                 ; next lines 

;      [PART2]-J                                                                 ; next lines 

;      ... 

; [OFFSET] : OFFSET, iCENT, iREF, iHORZ, HUSER, iVERT, VUSER 

; [OFFSET2]: OFFSET, iCENT, iREF, iHORZ, HUSERI, HUSERJ, iVERT, VUSERI, VUSERJ 

; [STIFF1] : AREA, ASy, ASz, Ixx, Iyy, Izz 

; [STIFF2] ; Cyp, Cym, Czp, Czm, Qyb, Qzb, PERI_OUT, PERI_IN, Cy, Cz 

; [STIFF3] ; Y1, Y2, Y3, Y4, Z1, Z2, Z3, Z4 

; [SCHK]   : Z1, Z3, bAUTO_QY1, QY1, bAUTO_QY2, QY2, bAUTO_QY3, QY3 

; [WT]     : TOR, bAUTO_SHR1, SHR1, bAUTO_SHR2, SHR2, bAUTO_SHR3, SHR3 

; [PART] : PART=part_num 

;        : [STIFF1] 

;        : [STIFF2] 

;        : [STIFF3] 

;        : [STIFF1]                                                            ; [STIFF1] of Part Sum. 

;        : [STIFF2]                                                            ; [STIFF2] of Part Sum. 

;        : [STIFF3]                                                            ; [STIFF3] of Part Sum. 

;        : OPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Outer Polygon(PLANE) 
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;        : IPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Inner Polygon(PLANE) 

;        : ... 

;        : IPOLY=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                     ; Inner Polygon(PLANE) 

;        : VERTEX=(bI-Tapered), X1, Y1, X2, Y2, ..., Xn, Yn                    ; Vertex(General-LINE) 

;        : LINE=(bI-Tapered), VI1, VJ1, dTHIK1, iALIGN1                        ; Line(General-LINE) 

;        : ... 

;        : LINE=(bI-Tapered), VIn, VJn, dTHIKn, iALIGNn                        ; Line(General-LINE) 

;        : LOOP=(bI-Tapered), COUNT1, LIX11, LIX12, ..., LIXn                  ; Line(General-LINE) 

;        : ... 

;        : LOOP=(bI-Tapered), COUNTn, LIXn1, LIXn2, ..., LIXnn                 ; Line(General-LINE) 

 SECT=   1, VALUE     , Rigid             , CC, 0, 0, 0, 0, 0, 0, NO, NO, GEN, YES, YES 

       2.25, 1.875, 1.875, 0.711914, 0.421875, 0.421875 

       0.75, 0.75, 0.75, 0.75, 0.28125, 0.28125, 6, 0, 0.75, 0.75 

       0, 0, 0, 0, 0, 0, 0, 0 

 SECT=  81, VALUE     , Diafragma         , CC, 0, 0, 0, 0, 0, 0, YES, NO, GEN, YES, YES 

       0.3145, 0.262083, 0.262083, 0.00285429, 0.000757421, 0.089698 

       0.925, 0.925, 0.085, 0.085, 0.0036, 0.4278, 4.04, 0, 0.925, 0.085 

       -0.925, 0.925, 0.925, -0.925, 0.085, 0.085, -0.085, -0.085 

 

*STLDCASE    ; Static Load Cases 

; LCNAME, LCTYPE, DESC 

   Peso propio, DC, Peso propio 

   Peso lastres, DC, Peso lastres 

   Barandilla y luminarias, DW, Barandilla y luminarias 

   Pavimento estructural, DC, Pavimento estructural 

   Pavimento no estructural, DW, Pavimento no estructural 

   Pretensado, PS, Pretensado 

   PL01d_ext, L , Sobrecarga Peatonal 01d_ext 

   PL01i_ext, L , Sobrecarga Peatonal 01i_ext 

   PL01d_int, L , Sobrecarga Peatonal 01d_int 

   PL01i_int, L , Sobrecarga Peatonal 01i_int 

   PL02d_ext, L , Sobrecarga Peatonal 02d_ext 

   PL02i_ext, L , Sobrecarga Peatonal 02i_ext 

   PL02d_int, L , Sobrecarga Peatonal 02d_int 

   PL02i_int, L , Sobrecarga Peatonal 02i_int 

   PL03d_ext, L , Sobrecarga Peatonal 03d_ext 

   PL03i_ext, L , Sobrecarga Peatonal 03i_ext 

   PL03d_int, L , Sobrecarga Peatonal 03d_int 

   PL03i_int, L , Sobrecarga Peatonal 03i_int 

   PL04d_ext, L , Sobrecarga Peatonal 04d_ext 

   PL04i_ext, L , Sobrecarga Peatonal 04i_ext 

   PL04d_int, L , Sobrecarga Peatonal 04d_int 

   PL04i_int, L , Sobrecarga Peatonal 04i_int 

   PL05d_ext, L , Sobrecarga Peatonal 05d_ext 

   PL05i_ext, L , Sobrecarga Peatonal 05i_ext 

   PL05d_int, L , Sobrecarga Peatonal 05d_int 

   PL05i_int, L , Sobrecarga Peatonal 05i_int 

   PL06d_ext, L , Sobrecarga Peatonal 06d_ext 

   PL06i_ext, L , Sobrecarga Peatonal 06i_ext 

   PL06d_int, L , Sobrecarga Peatonal 06d_int 

   PL06i_int, L , Sobrecarga Peatonal 06i_int 

   PL07d_ext, L , Sobrecarga Peatonal 07d_ext 

   PL07i_ext, L , Sobrecarga Peatonal 07i_ext 

   PL07d_int, L , Sobrecarga Peatonal 07d_int 

   PL07i_int, L , Sobrecarga Peatonal 07i_int 

   PL08d_ext, L , Sobrecarga Peatonal 08d_ext 

   PL08i_ext, L , Sobrecarga Peatonal 08i_ext 

   PL08d_int, L , Sobrecarga Peatonal 08d_int 

   PL08i_int, L , Sobrecarga Peatonal 08i_int 

   PL09d_ext, L , Sobrecarga Peatonal 09d_ext 

   PL09i_ext, L , Sobrecarga Peatonal 09i_ext 

   PL09d_int, L , Sobrecarga Peatonal 09d_int 

   PL09i_int, L , Sobrecarga Peatonal 09i_int 

   PL10d_ext, L , Sobrecarga Peatonal 10d_ext 

   PL10i_ext, L , Sobrecarga Peatonal 10i_ext 

   PL10d_int, L , Sobrecarga Peatonal 10d_int 

   PL10i_int, L , Sobrecarga Peatonal 10i_int 

   WS+X , W , Viento estructura +X 
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   WS-X , W , Viento estructura -X 

   WS+Y , W , Viento estructura +Y 

   WS-Y , W , Viento estructura -Y 

   WS+Z+Y, W , Viento estructura +Z+Y 

   WS-Z+Y, W , Viento estructura -Z+Y 

   WS+Z-Y, W , Viento estructura +Z-Y 

   WS-Z-Y, W , Viento estructura -Z-Y 

   TU+  , T , TU+ 

   TU-  , T , TU- 

   TG+  , TPG, TG+ 

   TG-  , TPG, TG- 

   SE01a, STL, Asiento en alineación 01a 

   SE01b, STL, Asiento en alineación 01b 

   SE02a, STL, Asiento en alineación 02a 

   SE02b, STL, Asiento en alineación 02b 

   SE03a, STL, Asiento en alineación 03a 

   SE03b, STL, Asiento en alineación 03b 

   SE04a, STL, Asiento en alineación 04a 

   SE04b, STL, Asiento en alineación 04b 

   SE05a, STL, Asiento en alineación 05a 

   SE05b, STL, Asiento en alineación 05b 

   SE06a, STL, Asiento en alineación 06a 

   SE06b, STL, Asiento en alineación 06b 

   SE07a, STL, Asiento en alineación 07a 

   SE07b, STL, Asiento en alineación 07b 

   SE08a, STL, Asiento en alineación 08a 

   SE08b, STL, Asiento en alineación 08b 

   SE09a, STL, Asiento en alineación 09a 

   SE09b, STL, Asiento en alineación 09b 

   SE10a, STL, Asiento en alineación 10a 

   SE10b, STL, Asiento en alineación 10b 

   SE11a, STL, Asiento en alineación 11a 

   SE11b, STL, Asiento en alineación 11b 

   Aux  , USER, Carga auxiliar 

 

 

*DGN-CONC    ; Concrete Design Code 

; CODE=CODE, RHOC, RHOR, RHOW, MRF, SHR-RATIO { , METHOD, A1, A2, A2_COLM, bSCWB }     ; line 1 

; [ACI318-89]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V                       ; line 2 

; [ACI318-95]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V                       ; line 2 

; [ACI318-99]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V                       ; line 2 

; [ACI318-02]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB      ; line 2 

; [ACI318-05]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB      ; line 2 

; [ACI318-08]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, BNDR-MTHD, CD, 

IE, FRMTYPE, 2NDGRUP, RHOS, bTOR, TRFT; line 2 

; [ACI318-11]     : bCHEKCBEAM, bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, 

BNDR-MTHD, CD, IE, FRMTYPE, 2NDGRUP, RHOS, bTOR, TRFT; line 2 

; [ACI318-14]     : bCHEKCBEAM, bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, 

BNDR-MTHD, CD, IE, FRMTYPE, 2NDGRUP, RHOS, bTOR, TRFT, bBC-JOINT; line 2 

; [ACI318M-14]    : bCHEKCBEAM, bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, 

BNDR-MTHD, CD, IE, FRMTYPE, 2NDGRUP, RHOS, bTOR, TRFT, bBC-JOINT; line 2 

; [NSR-10]        : bCHEKCBEAM, bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, 

BNDR-MTHD, CD, IE, FRMTYPE, 2NDGRUP, RHOS, bBC-JOINT; line 2 

; [AIK-USD94]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V                       ; line 2 

; [TWN-USD92]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, bTOR, TRFT, SCWB     ; line 2 

; [TWN-USD100]    : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, bTOR, TRFT, SCWB     ; line 2 

; [KCI-USD99]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB      ; line 2 

; [KCI-USD03]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB      ; line 2 

; [KCI-USD07]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, BNDR-MTHD, CD, 

IE, FRMTYPE, 2NDGRUP, bTOR, TRFT; line 2 

; [KCI-USD12]     : bSPECIAL, PHI-B, PHI-T, PHIC1, PHI-C2, PHI-V, TLF, SLF, TSLCB, SPWALL, BNDR-MTHD, CD, 

IE, EXPOSURE, FRMTYPE, 2NDGRUP, bTOR, TRFT; line 2 

; [BS8110-97]     : GAMMA-MC, GAMMA-MS, GAMMA-MV                                       ; line 2 

; [EUROCODE2]     : GAMMA-CF, GAMMA-CA, GAMMA-SF, GAMMA-SA, iSCODE                     ; line 2 

; [EUROCODE2:04]  : GAMMA-CF, GAMMA-CA, GAMMA-SF, GAMMA-SA, ALPHACC, iSCODE,           ; line 2 

;                   bRULE, WEAK-FACT, iDUC, GAMMA-RD-B, GAMMA-RD-C, S-GRUP             ; line 2 

;                   FRAMETYPE, AUA1, SPLCK, SOILFACTOR, TB, TC, TD, AGR, I, DAMPINGRAT, BCJOINT, NTC2008, 

UF, GAMMA-RD-W, GAMMA-RD-J ; line 2 
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;                   STRUT-ANG, bBEHAVIOR-FACT, BEHAVIOR-FACT-VALUE_q, BEHAVIOR-FACT-VALUE_qo, iNTC, 

bVCWALL, bVCCOLM, dPHIEF, bAUTOA, bAUTOC, A, B, C, bTOR    ; line 2 

;                   bSHELL, dSHELLHORIZ, DSHELLVERT    ; line 2 

; [EUROCODE2-2:05]: GAMMA-CF, GAMMA-CA, GAMMA-SF, GAMMA-SA, GAMMA_CL, GAMMA_SL, ALPHACC, iSCODE, STRUT-

ANG,; line 2 

;                   bSHELL, dSHELLHORIZ, DSHELLVERT    ; line 2 

; [IS456:2000]    : bSPECIAL, GAMMA-C, GAMMA-S, FOS, SubRex                            ; line 2 

; [GB50010-02]    : bSPECIAL, GAMMA-C, GAMMA-S, KIND, iSlabType                        ; line 2 

; [GB50010-10]    : bSPECIAL, GAMMA-C, GAMMA-S, KIND, iSlabType, bTOR, TRFT            ; line 2 

; [CSA-A23.3-94]  : bSPECIAL, PHI-C, PHI-S, PHI-M                                      ; line 2 

; [AIK-WSD2K]     : bSPECIAL                                                           ; line 2 

; [AIJ-WSD99]     : bSPECIAL, KIND                                                     ; line 2 

; [AASHTO-LRFD12] : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V, KIND                ; line 2 

; [AASHTO-LRFD02] : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V, KIND                ; line 2 

; [AASHTO-LFD96]  : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                      ; line 2 

; [KSCE-USD05]    : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                      ; line 2 

; [KSCE-USD96]    : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                      ; line 2 

; [KSCE-RAIL-USE04] : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                    ; line 2 

; [TWN-BRG-LSD90] : bSPECIAL, PHI-B, PHI-T, PHI-C1, PHI-C2, PHI-V                      ; line 2 

; [JTJ023-85]     : GAMMA-C, GAMMA-S, KIND                                             ; line 2 

; [CSA-S6-00]     : bSPECIAL, PHI-C, PHI-S, KIND                                       ; line 2 

; [CSA-S6-14]     : bSPECIAL, PHI-C, PHI-S, KIND                                       ; line 2 

; [IRC:21-2000]   : GAMMA-C, GAMMA-S                                                   ; line 2 

; [SNiP 2.05.03-84*]  : nBRIDGE, bmb7mb8, mb7mb8Type, mb7, mb8, bmb9, mb9Type, mb9     ; line 2 

; [SP 35.13330.2011]  : nBRIDGE, bmb7mb8, mb7mb8Type, mb7, mb8, bmb9, mb9Type, mb9     ; line 2 

; Member Check    : bBEAM, bCOLM, bBRCE, bWALL, bSLAB, bMAT, bRBEAM, bRCOLM, bRBRCE, bRWALL, bRSLAB, 

bRMAT, bSBEAM, bCANTIL, bUNDER-BM/COLM 

   CODE=AASHTO-LRFD12, 0, 0, 0, 1, 0, , , , ,  

   NO, 0, 0, 0, 0, 0, 0 

   YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, YES, 0 

 

*CONSTRAINT    ; Supports 

; NODE_LIST, CONST(Dx,Dy,Dz,Rx,Ry,Rz), GROUP 

   112137 112237 113133 113233 114131 114231 115130 , 001000, Cimentaciones 

   115230 116025 117126 117226 121035 131035, 001000, Cimentaciones 

   100, 111111, Cimentaciones 

 

*SPRING    ; Point Spring Supports 

; NODE_LIST, Type, F_SDx, F_SDy, F_SDz, F_SRx, F_SRy, F_SRz, SDx, SDy, SDz, SRx, SRy, SRz ... 

;                  DAMPING, Cx, Cy, Cz, CRx, CRy, CRz, GROUP, [DATA1]                                ; 

LINEAR 

; NODE_LIST, Type, Direction, Vx, Vy, Vz, Stiffness, GROUP, [DATA1]                                  ; 

COMP, TENS 

; NODE_LIST, Type, Direction, Vx, Vy, Vz, FUNCTION, GROUP, [DATA1]                                   ; 

MULTI 

; [DATA1] EFFAREA, Kx, Ky, Kz 

   121012 , LINEAR, NO, NO, NO, NO, NO, NO, 14255, 9693, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131012, LINEAR, NO, NO, NO, NO, NO, NO, 14255, 9693, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116005, LINEAR, NO, NO, NO, NO, NO, NO, 9953, 9953, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 0, 

0, 0, 0 

   115107 , LINEAR, NO, NO, NO, NO, NO, NO, 9990, 9990, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115207, LINEAR, NO, NO, NO, NO, NO, NO, 9990, 9990, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 0, 

0, 0, 0 

   115106 , LINEAR, NO, NO, NO, NO, NO, NO, 7951, 7951, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115206, LINEAR, NO, NO, NO, NO, NO, NO, 7951, 7951, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 0, 

0, 0, 0 

   115103 , LINEAR, NO, NO, NO, NO, NO, NO, 1930, 1930, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 

0, 0, 0, 0 

   115203, LINEAR, NO, NO, NO, NO, NO, NO, 1930, 1930, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 0, 

0, 0, 0 

   115102 , LINEAR, NO, NO, NO, NO, NO, NO, 921, 921, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 0, 

0, 0, 0 

   115202, LINEAR, NO, NO, NO, NO, NO, NO, 921, 921, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 0, 

0, 0, 0 
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   121029 , LINEAR, NO, NO, NO, NO, NO, NO, 13860, 9425, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   131029, LINEAR, NO, NO, NO, NO, NO, NO, 13860, 9425, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   121028 , LINEAR, NO, NO, NO, NO, NO, NO, 13808, 9389, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   131028, LINEAR, NO, NO, NO, NO, NO, NO, 13808, 9389, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   121027 , LINEAR, NO, NO, NO, NO, NO, NO, 13756, 9354, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   131027, LINEAR, NO, NO, NO, NO, NO, NO, 13756, 9354, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117126 , LINEAR, NO, NO, NO, NO, NO, NO, 24230, 24230, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117226, LINEAR, NO, NO, NO, NO, NO, NO, 24230, 24230, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116025, LINEAR, NO, NO, NO, NO, NO, NO, 24209, 24209, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115130 , LINEAR, NO, NO, NO, NO, NO, NO, 24198, 24198, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115230, LINEAR, NO, NO, NO, NO, NO, NO, 24198, 24198, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114131 , LINEAR, NO, NO, NO, NO, NO, NO, 24061, 24061, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114231, LINEAR, NO, NO, NO, NO, NO, NO, 24061, 24061, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114120 , LINEAR, NO, NO, NO, NO, NO, NO, 14371, 14371, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114220, LINEAR, NO, NO, NO, NO, NO, NO, 14371, 14371, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113133 , LINEAR, NO, NO, NO, NO, NO, NO, 24063, 24063, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113233, LINEAR, NO, NO, NO, NO, NO, NO, 24063, 24063, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112137 , LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112237, LINEAR, NO, NO, NO, NO, NO, NO, 24083, 24083, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112126 , LINEAR, NO, NO, NO, NO, NO, NO, 24794, 24794, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112226, LINEAR, NO, NO, NO, NO, NO, NO, 24794, 24794, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112125 , LINEAR, NO, NO, NO, NO, NO, NO, 24282, 24282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112225, LINEAR, NO, NO, NO, NO, NO, NO, 24282, 24282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117103 , LINEAR, NO, NO, NO, NO, NO, NO, 5578, 5578, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117203, LINEAR, NO, NO, NO, NO, NO, NO, 5578, 5578, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114110 , LINEAR, NO, NO, NO, NO, NO, NO, 8549, 8549, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114210, LINEAR, NO, NO, NO, NO, NO, NO, 8549, 8549, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114102 , LINEAR, NO, NO, NO, NO, NO, NO, 1522, 1522, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114202, LINEAR, NO, NO, NO, NO, NO, NO, 1522, 1522, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113103 , LINEAR, NO, NO, NO, NO, NO, NO, 3511, 3511, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113203, LINEAR, NO, NO, NO, NO, NO, NO, 3511, 3511, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112110 , LINEAR, NO, NO, NO, NO, NO, NO, 6575, 6575, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112210, LINEAR, NO, NO, NO, NO, NO, NO, 6575, 6575, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112102 , LINEAR, NO, NO, NO, NO, NO, NO, 1524, 1524, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   112202, LINEAR, NO, NO, NO, NO, NO, NO, 1524, 1524, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   121002 , LINEAR, NO, NO, NO, NO, NO, NO, 1458, 991, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   131002, LINEAR, NO, NO, NO, NO, NO, NO, 1458, 991, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   121004 , LINEAR, NO, NO, NO, NO, NO, NO, 3483, 2368, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   131004, LINEAR, NO, NO, NO, NO, NO, NO, 3483, 2368, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117125 , LINEAR, NO, NO, NO, NO, NO, NO, 48443, 48443, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117225, LINEAR, NO, NO, NO, NO, NO, NO, 48443, 48443, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117124 , LINEAR, NO, NO, NO, NO, NO, NO, 48425, 48425, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117224, LINEAR, NO, NO, NO, NO, NO, NO, 48425, 48425, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117123 , LINEAR, NO, NO, NO, NO, NO, NO, 48407, 48407, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117223, LINEAR, NO, NO, NO, NO, NO, NO, 48407, 48407, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117122 , LINEAR, NO, NO, NO, NO, NO, NO, 48389, 48389, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117222, LINEAR, NO, NO, NO, NO, NO, NO, 48389, 48389, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117121 , LINEAR, NO, NO, NO, NO, NO, NO, 48371, 48371, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117221, LINEAR, NO, NO, NO, NO, NO, NO, 48371, 48371, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117120 , LINEAR, NO, NO, NO, NO, NO, NO, 48353, 48353, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117220, LINEAR, NO, NO, NO, NO, NO, NO, 48353, 48353, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117119 , LINEAR, NO, NO, NO, NO, NO, NO, 48335, 48335, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117219, LINEAR, NO, NO, NO, NO, NO, NO, 48335, 48335, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117118 , LINEAR, NO, NO, NO, NO, NO, NO, 48180, 48180, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117218, LINEAR, NO, NO, NO, NO, NO, NO, 48180, 48180, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117117 , LINEAR, NO, NO, NO, NO, NO, NO, 48144, 48144, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117217, LINEAR, NO, NO, NO, NO, NO, NO, 48144, 48144, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117116 , LINEAR, NO, NO, NO, NO, NO, NO, 48108, 48108, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117216, LINEAR, NO, NO, NO, NO, NO, NO, 48108, 48108, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117115 , LINEAR, NO, NO, NO, NO, NO, NO, 48072, 48072, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117215, LINEAR, NO, NO, NO, NO, NO, NO, 48072, 48072, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117114 , LINEAR, NO, NO, NO, NO, NO, NO, 48036, 48036, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117214, LINEAR, NO, NO, NO, NO, NO, NO, 48036, 48036, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117113 , LINEAR, NO, NO, NO, NO, NO, NO, 48000, 48000, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   117213, LINEAR, NO, NO, NO, NO, NO, NO, 48000, 48000, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116024, LINEAR, NO, NO, NO, NO, NO, NO, 48400, 48400, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116023, LINEAR, NO, NO, NO, NO, NO, NO, 48382, 48382, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116022, LINEAR, NO, NO, NO, NO, NO, NO, 48364, 48364, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 
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   116021, LINEAR, NO, NO, NO, NO, NO, NO, 48346, 48346, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116020, LINEAR, NO, NO, NO, NO, NO, NO, 48328, 48328, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116019, LINEAR, NO, NO, NO, NO, NO, NO, 48310, 48310, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116018, LINEAR, NO, NO, NO, NO, NO, NO, 48292, 48292, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116017, LINEAR, NO, NO, NO, NO, NO, NO, 48137, 48137, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116016, LINEAR, NO, NO, NO, NO, NO, NO, 48101, 48101, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116015, LINEAR, NO, NO, NO, NO, NO, NO, 48065, 48065, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116014, LINEAR, NO, NO, NO, NO, NO, NO, 48029, 48029, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115129 , LINEAR, NO, NO, NO, NO, NO, NO, 48378, 48378, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115229, LINEAR, NO, NO, NO, NO, NO, NO, 48378, 48378, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115128 , LINEAR, NO, NO, NO, NO, NO, NO, 48360, 48360, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115228, LINEAR, NO, NO, NO, NO, NO, NO, 48360, 48360, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115127 , LINEAR, NO, NO, NO, NO, NO, NO, 48342, 48342, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115227, LINEAR, NO, NO, NO, NO, NO, NO, 48342, 48342, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115126 , LINEAR, NO, NO, NO, NO, NO, NO, 48324, 48324, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115226, LINEAR, NO, NO, NO, NO, NO, NO, 48324, 48324, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115125 , LINEAR, NO, NO, NO, NO, NO, NO, 48306, 48306, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115225, LINEAR, NO, NO, NO, NO, NO, NO, 48306, 48306, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115124 , LINEAR, NO, NO, NO, NO, NO, NO, 48288, 48288, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115224, LINEAR, NO, NO, NO, NO, NO, NO, 48288, 48288, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115123 , LINEAR, NO, NO, NO, NO, NO, NO, 48270, 48270, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115223, LINEAR, NO, NO, NO, NO, NO, NO, 48270, 48270, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115122 , LINEAR, NO, NO, NO, NO, NO, NO, 48115, 48115, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115222, LINEAR, NO, NO, NO, NO, NO, NO, 48115, 48115, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115121 , LINEAR, NO, NO, NO, NO, NO, NO, 48079, 48079, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115221, LINEAR, NO, NO, NO, NO, NO, NO, 48079, 48079, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115120 , LINEAR, NO, NO, NO, NO, NO, NO, 48043, 48043, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115220, LINEAR, NO, NO, NO, NO, NO, NO, 48043, 48043, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115119 , LINEAR, NO, NO, NO, NO, NO, NO, 48007, 48007, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   115219, LINEAR, NO, NO, NO, NO, NO, NO, 48007, 48007, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114129 , LINEAR, NO, NO, NO, NO, NO, NO, 48122, 48122, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114130 , LINEAR, NO, NO, NO, NO, NO, NO, 48122, 48122, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114229 , LINEAR, NO, NO, NO, NO, NO, NO, 48122, 48122, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114230, LINEAR, NO, NO, NO, NO, NO, NO, 48122, 48122, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 
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   114106 , LINEAR, NO, NO, NO, NO, NO, NO, 4426, 4426, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114206, LINEAR, NO, NO, NO, NO, NO, NO, 4426, 4426, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113131 , LINEAR, NO, NO, NO, NO, NO, NO, 48126, 48126, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113132 , LINEAR, NO, NO, NO, NO, NO, NO, 48126, 48126, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113231 , LINEAR, NO, NO, NO, NO, NO, NO, 48126, 48126, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113232, LINEAR, NO, NO, NO, NO, NO, NO, 48126, 48126, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112136 , LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112236, LINEAR, NO, NO, NO, NO, NO, NO, 48166, 48166, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112135 , LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112235, LINEAR, NO, NO, NO, NO, NO, NO, 48130, 48130, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112134 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112234 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113130 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113230 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114128 , LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114228, LINEAR, NO, NO, NO, NO, NO, NO, 48094, 48094, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112133 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112233 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113129 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113229 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114127 , LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114227, LINEAR, NO, NO, NO, NO, NO, NO, 48058, 48058, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112132 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112232 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113128 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   113228 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114126 , LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   114226, LINEAR, NO, NO, NO, NO, NO, NO, 48022, 48022, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   112106 , LINEAR, NO, NO, NO, NO, NO, NO, 4433, 4433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112206, LINEAR, NO, NO, NO, NO, NO, NO, 4433, 4433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   115105 , LINEAR, NO, NO, NO, NO, NO, NO, 4003, 4003, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   115205, LINEAR, NO, NO, NO, NO, NO, NO, 4003, 4003, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114105 , LINEAR, NO, NO, NO, NO, NO, NO, 4011, 4011, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114205, LINEAR, NO, NO, NO, NO, NO, NO, 4011, 4011, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   112112 , LINEAR, NO, NO, NO, NO, NO, NO, 8007, 8007, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112212, LINEAR, NO, NO, NO, NO, NO, NO, 8007, 8007, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112105 , LINEAR, NO, NO, NO, NO, NO, NO, 4018, 4018, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112205, LINEAR, NO, NO, NO, NO, NO, NO, 4018, 4018, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117107 , LINEAR, NO, NO, NO, NO, NO, NO, 11908, 11908, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117207, LINEAR, NO, NO, NO, NO, NO, NO, 11908, 11908, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116013, LINEAR, NO, NO, NO, NO, NO, NO, 41735, 41735, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   116008, LINEAR, NO, NO, NO, NO, NO, NO, 11905, 11905, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116007, LINEAR, NO, NO, NO, NO, NO, NO, 11659, 11659, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114119 , LINEAR, NO, NO, NO, NO, NO, NO, 21155, 21155, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114219, LINEAR, NO, NO, NO, NO, NO, NO, 21155, 21155, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   121035 , LINEAR, NO, NO, NO, NO, NO, NO, 20072, 13649, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   131035, LINEAR, NO, NO, NO, NO, NO, NO, 20072, 13649, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   121034 , LINEAR, NO, NO, NO, NO, NO, NO, 40120, 27282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   131034, LINEAR, NO, NO, NO, NO, NO, NO, 40120, 27282, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   121033 , LINEAR, NO, NO, NO, NO, NO, NO, 40090, 27261, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   131033, LINEAR, NO, NO, NO, NO, NO, NO, 40090, 27261, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   121032 , LINEAR, NO, NO, NO, NO, NO, NO, 40060, 27241, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   131032, LINEAR, NO, NO, NO, NO, NO, NO, 40060, 27241, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   121031 , LINEAR, NO, NO, NO, NO, NO, NO, 40030, 27220, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   131031, LINEAR, NO, NO, NO, NO, NO, NO, 40030, 27220, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   121030 , LINEAR, NO, NO, NO, NO, NO, NO, 40000, 27200, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   131030, LINEAR, NO, NO, NO, NO, NO, NO, 40000, 27200, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-3, 

0, 0, 0, 0, 0 

   121025 , LINEAR, NO, NO, NO, NO, NO, NO, 20836, 14168, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   131025, LINEAR, NO, NO, NO, NO, NO, NO, 20836, 14168, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   121024 , LINEAR, NO, NO, NO, NO, NO, NO, 20405, 13875, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   131024, LINEAR, NO, NO, NO, NO, NO, NO, 20405, 13875, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114118 , LINEAR, NO, NO, NO, NO, NO, NO, 20717, 20717, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114218, LINEAR, NO, NO, NO, NO, NO, NO, 20717, 20717, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114117 , LINEAR, NO, NO, NO, NO, NO, NO, 20290, 20290, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114217, LINEAR, NO, NO, NO, NO, NO, NO, 20290, 20290, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115114 , LINEAR, NO, NO, NO, NO, NO, NO, 16615, 16615, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115214, LINEAR, NO, NO, NO, NO, NO, NO, 16615, 16615, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115113 , LINEAR, NO, NO, NO, NO, NO, NO, 16568, 16568, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 
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   115213, LINEAR, NO, NO, NO, NO, NO, NO, 16568, 16568, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115112 , LINEAR, NO, NO, NO, NO, NO, NO, 16226, 16226, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115212, LINEAR, NO, NO, NO, NO, NO, NO, 16226, 16226, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115111 , LINEAR, NO, NO, NO, NO, NO, NO, 16073, 16073, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   115211, LINEAR, NO, NO, NO, NO, NO, NO, 16073, 16073, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116003, LINEAR, NO, NO, NO, NO, NO, NO, 6525, 6525, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 0, 

0, 0, 0 

   121019 , LINEAR, NO, NO, NO, NO, NO, NO, 24081, 16375, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131019, LINEAR, NO, NO, NO, NO, NO, NO, 24081, 16375, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113117 , LINEAR, NO, NO, NO, NO, NO, NO, 24247, 24247, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113217, LINEAR, NO, NO, NO, NO, NO, NO, 24247, 24247, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112118 , LINEAR, NO, NO, NO, NO, NO, NO, 24728, 24728, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112218, LINEAR, NO, NO, NO, NO, NO, NO, 24728, 24728, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112127 , LINEAR, NO, NO, NO, NO, NO, NO, 23838, 23838, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112227, LINEAR, NO, NO, NO, NO, NO, NO, 23838, 23838, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112124 , LINEAR, NO, NO, NO, NO, NO, NO, 23780, 23780, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   112224, LINEAR, NO, NO, NO, NO, NO, NO, 23780, 23780, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   121009 , LINEAR, NO, NO, NO, NO, NO, NO, 5700, 3876, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   131009, LINEAR, NO, NO, NO, NO, NO, NO, 5700, 3876, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113108 , LINEAR, NO, NO, NO, NO, NO, NO, 5746, 5746, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113208, LINEAR, NO, NO, NO, NO, NO, NO, 5746, 5746, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113106 , LINEAR, NO, NO, NO, NO, NO, NO, 4718, 4718, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113206, LINEAR, NO, NO, NO, NO, NO, NO, 4718, 4718, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116004, LINEAR, NO, NO, NO, NO, NO, NO, 8206, 8206, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 0, 

0, 0, 0 

   113119 , LINEAR, NO, NO, NO, NO, NO, NO, 7231, 7231, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113219, LINEAR, NO, NO, NO, NO, NO, NO, 7231, 7231, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 0, 

0, 0, 0 

   121007 , LINEAR, NO, NO, NO, NO, NO, NO, 4680, 3182, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   131007, LINEAR, NO, NO, NO, NO, NO, NO, 4680, 3182, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   115104 , LINEAR, NO, NO, NO, NO, NO, NO, 3628, 3628, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   115204, LINEAR, NO, NO, NO, NO, NO, NO, 3628, 3628, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114104 , LINEAR, NO, NO, NO, NO, NO, NO, 3634, 3634, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114204, LINEAR, NO, NO, NO, NO, NO, NO, 3634, 3634, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112104 , LINEAR, NO, NO, NO, NO, NO, NO, 3641, 3641, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112204, LINEAR, NO, NO, NO, NO, NO, NO, 3641, 3641, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   121018 , LINEAR, NO, NO, NO, NO, NO, NO, 22621, 15382, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 
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   131018, LINEAR, NO, NO, NO, NO, NO, NO, 22621, 15382, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117109 , LINEAR, NO, NO, NO, NO, NO, NO, 12415, 12415, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117209, LINEAR, NO, NO, NO, NO, NO, NO, 12415, 12415, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117108 , LINEAR, NO, NO, NO, NO, NO, NO, 12159, 12159, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   117208, LINEAR, NO, NO, NO, NO, NO, NO, 12159, 12159, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   116009, LINEAR, NO, NO, NO, NO, NO, NO, 12156, 12156, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114125 , LINEAR, NO, NO, NO, NO, NO, NO, 32066, 32066, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114225, LINEAR, NO, NO, NO, NO, NO, NO, 32066, 32066, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113127 , LINEAR, NO, NO, NO, NO, NO, NO, 32187, 32187, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113227, LINEAR, NO, NO, NO, NO, NO, NO, 32187, 32187, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113122 , LINEAR, NO, NO, NO, NO, NO, NO, 22951, 22951, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113222, LINEAR, NO, NO, NO, NO, NO, NO, 22951, 22951, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113121 , LINEAR, NO, NO, NO, NO, NO, NO, 22476, 22476, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113221, LINEAR, NO, NO, NO, NO, NO, NO, 22476, 22476, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113120 , LINEAR, NO, NO, NO, NO, NO, NO, 22012, 22012, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113220, LINEAR, NO, NO, NO, NO, NO, NO, 22012, 22012, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113116 , LINEAR, NO, NO, NO, NO, NO, NO, 22553, 22553, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113216, LINEAR, NO, NO, NO, NO, NO, NO, 22553, 22553, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113112 , LINEAR, NO, NO, NO, NO, NO, NO, 12693, 12693, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113212, LINEAR, NO, NO, NO, NO, NO, NO, 12693, 12693, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112131 , LINEAR, NO, NO, NO, NO, NO, NO, 32324, 32324, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112231, LINEAR, NO, NO, NO, NO, NO, NO, 32324, 32324, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112113 , LINEAR, NO, NO, NO, NO, NO, NO, 12724, 12724, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   112213, LINEAR, NO, NO, NO, NO, NO, NO, 12724, 12724, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 

0, 0, 0, 0, 0 

   121022 , LINEAR, NO, NO, NO, NO, NO, NO, 23953, 16288, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131022, LINEAR, NO, NO, NO, NO, NO, NO, 23953, 16288, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117106 , LINEAR, NO, NO, NO, NO, NO, NO, 13399, 13399, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117206, LINEAR, NO, NO, NO, NO, NO, NO, 13399, 13399, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115109 , LINEAR, NO, NO, NO, NO, NO, NO, 13418, 13418, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115209, LINEAR, NO, NO, NO, NO, NO, NO, 13418, 13418, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114111 , LINEAR, NO, NO, NO, NO, NO, NO, 13717, 13717, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114211, LINEAR, NO, NO, NO, NO, NO, NO, 13717, 13717, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112117 , LINEAR, NO, NO, NO, NO, NO, NO, 23027, 23027, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112217, LINEAR, NO, NO, NO, NO, NO, NO, 23027, 23027, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 
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   121005 , LINEAR, NO, NO, NO, NO, NO, NO, 3843, 2613, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   131005, LINEAR, NO, NO, NO, NO, NO, NO, 3843, 2613, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114107 , LINEAR, NO, NO, NO, NO, NO, NO, 4885, 4885, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114207, LINEAR, NO, NO, NO, NO, NO, NO, 4885, 4885, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113104 , LINEAR, NO, NO, NO, NO, NO, NO, 3874, 3874, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113204, LINEAR, NO, NO, NO, NO, NO, NO, 3874, 3874, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112107 , LINEAR, NO, NO, NO, NO, NO, NO, 4892, 4892, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112207, LINEAR, NO, NO, NO, NO, NO, NO, 4892, 4892, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114108 , LINEAR, NO, NO, NO, NO, NO, NO, 5390, 5390, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114208, LINEAR, NO, NO, NO, NO, NO, NO, 5390, 5390, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113109 , LINEAR, NO, NO, NO, NO, NO, NO, 6341, 6341, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113209, LINEAR, NO, NO, NO, NO, NO, NO, 6341, 6341, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112108 , LINEAR, NO, NO, NO, NO, NO, NO, 5399, 5399, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112208, LINEAR, NO, NO, NO, NO, NO, NO, 5399, 5399, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117112 , LINEAR, NO, NO, NO, NO, NO, NO, 10438, 10438, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117212, LINEAR, NO, NO, NO, NO, NO, NO, 10438, 10438, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117111 , LINEAR, NO, NO, NO, NO, NO, NO, 10356, 10356, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117211, LINEAR, NO, NO, NO, NO, NO, NO, 10356, 10356, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117110 , LINEAR, NO, NO, NO, NO, NO, NO, 10270, 10270, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   117210, LINEAR, NO, NO, NO, NO, NO, NO, 10270, 10270, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116012, LINEAR, NO, NO, NO, NO, NO, NO, 10343, 10343, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116011, LINEAR, NO, NO, NO, NO, NO, NO, 10255, 10255, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   116010, LINEAR, NO, NO, NO, NO, NO, NO, 10163, 10163, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115118 , LINEAR, NO, NO, NO, NO, NO, NO, 20893, 20893, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115218, LINEAR, NO, NO, NO, NO, NO, NO, 20893, 20893, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114115 , LINEAR, NO, NO, NO, NO, NO, NO, 20086, 20086, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114215, LINEAR, NO, NO, NO, NO, NO, NO, 20086, 20086, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113118 , LINEAR, NO, NO, NO, NO, NO, NO, 10178, 10178, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113218, LINEAR, NO, NO, NO, NO, NO, NO, 10178, 10178, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113115 , LINEAR, NO, NO, NO, NO, NO, NO, 20883, 20883, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113215, LINEAR, NO, NO, NO, NO, NO, NO, 20883, 20883, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   121008 , LINEAR, NO, NO, NO, NO, NO, NO, 5165, 3512, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   131008, LINEAR, NO, NO, NO, NO, NO, NO, 5165, 3512, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   121003 , LINEAR, NO, NO, NO, NO, NO, NO, 3156, 2146, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   131003, LINEAR, NO, NO, NO, NO, NO, NO, 3156, 2146, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   121017 , LINEAR, NO, NO, NO, NO, NO, NO, 21179, 14402, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131017, LINEAR, NO, NO, NO, NO, NO, NO, 21179, 14402, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117105 , LINEAR, NO, NO, NO, NO, NO, NO, 11544, 11544, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117205, LINEAR, NO, NO, NO, NO, NO, NO, 11544, 11544, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   116006, LINEAR, NO, NO, NO, NO, NO, NO, 11719, 11719, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115108 , LINEAR, NO, NO, NO, NO, NO, NO, 11681, 11681, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115208, LINEAR, NO, NO, NO, NO, NO, NO, 11681, 11681, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114116 , LINEAR, NO, NO, NO, NO, NO, NO, 21050, 21050, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114216, LINEAR, NO, NO, NO, NO, NO, NO, 21050, 21050, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112123 , LINEAR, NO, NO, NO, NO, NO, NO, 31867, 31867, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112223, LINEAR, NO, NO, NO, NO, NO, NO, 31867, 31867, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112122 , LINEAR, NO, NO, NO, NO, NO, NO, 31741, 31741, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112222, LINEAR, NO, NO, NO, NO, NO, NO, 31741, 31741, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112116 , LINEAR, NO, NO, NO, NO, NO, NO, 21350, 21350, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112216, LINEAR, NO, NO, NO, NO, NO, NO, 21350, 21350, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117104 , LINEAR, NO, NO, NO, NO, NO, NO, 9743, 9743, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   117204, LINEAR, NO, NO, NO, NO, NO, NO, 9743, 9743, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 0, 

0, 0, 0 

   121014 , LINEAR, NO, NO, NO, NO, NO, NO, 16963, 11535, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131014, LINEAR, NO, NO, NO, NO, NO, NO, 16963, 11535, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114124 , LINEAR, NO, NO, NO, NO, NO, NO, 16079, 16079, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114224, LINEAR, NO, NO, NO, NO, NO, NO, 16079, 16079, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114123 , LINEAR, NO, NO, NO, NO, NO, NO, 16003, 16003, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114223, LINEAR, NO, NO, NO, NO, NO, NO, 16003, 16003, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114113 , LINEAR, NO, NO, NO, NO, NO, NO, 16846, 16846, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114213, LINEAR, NO, NO, NO, NO, NO, NO, 16846, 16846, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113126 , LINEAR, NO, NO, NO, NO, NO, NO, 16327, 16327, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113226, LINEAR, NO, NO, NO, NO, NO, NO, 16327, 16327, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113125 , LINEAR, NO, NO, NO, NO, NO, NO, 16258, 16258, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113225, LINEAR, NO, NO, NO, NO, NO, NO, 16258, 16258, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113124 , LINEAR, NO, NO, NO, NO, NO, NO, 16186, 16186, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   113224, LINEAR, NO, NO, NO, NO, NO, NO, 16186, 16186, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112130 , LINEAR, NO, NO, NO, NO, NO, NO, 16607, 16607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112230, LINEAR, NO, NO, NO, NO, NO, NO, 16607, 16607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 
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   112129 , LINEAR, NO, NO, NO, NO, NO, NO, 16545, 16545, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112229, LINEAR, NO, NO, NO, NO, NO, NO, 16545, 16545, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112128 , LINEAR, NO, NO, NO, NO, NO, NO, 16481, 16481, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112228, LINEAR, NO, NO, NO, NO, NO, NO, 16481, 16481, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   112119 , LINEAR, NO, NO, NO, NO, NO, NO, 26450, 26450, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112219, LINEAR, NO, NO, NO, NO, NO, NO, 26450, 26450, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   121015 , LINEAR, NO, NO, NO, NO, NO, NO, 18349, 12477, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131015, LINEAR, NO, NO, NO, NO, NO, NO, 18349, 12477, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114114 , LINEAR, NO, NO, NO, NO, NO, NO, 18453, 18453, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114214, LINEAR, NO, NO, NO, NO, NO, NO, 18453, 18453, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112120 , LINEAR, NO, NO, NO, NO, NO, NO, 28193, 28193, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112220, LINEAR, NO, NO, NO, NO, NO, NO, 28193, 28193, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112114 , LINEAR, NO, NO, NO, NO, NO, NO, 18070, 18070, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112214, LINEAR, NO, NO, NO, NO, NO, NO, 18070, 18070, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   121023 , LINEAR, NO, NO, NO, NO, NO, NO, 19983, 13588, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   131023, LINEAR, NO, NO, NO, NO, NO, NO, 19983, 13588, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   121021 , LINEAR, NO, NO, NO, NO, NO, NO, 27050, 18394, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131021, LINEAR, NO, NO, NO, NO, NO, NO, 27050, 18394, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   113123 , LINEAR, NO, NO, NO, NO, NO, NO, 19732, 19732, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   113223, LINEAR, NO, NO, NO, NO, NO, NO, 19732, 19732, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   121010 , LINEAR, NO, NO, NO, NO, NO, NO, 6290, 4277, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   131010, LINEAR, NO, NO, NO, NO, NO, NO, 6290, 4277, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   121006 , LINEAR, NO, NO, NO, NO, NO, NO, 4241, 2884, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   131006, LINEAR, NO, NO, NO, NO, NO, NO, 4241, 2884, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114103 , LINEAR, NO, NO, NO, NO, NO, NO, 3293, 3293, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114203, LINEAR, NO, NO, NO, NO, NO, NO, 3293, 3293, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113107 , LINEAR, NO, NO, NO, NO, NO, NO, 5207, 5207, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113207, LINEAR, NO, NO, NO, NO, NO, NO, 5207, 5207, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113105 , LINEAR, NO, NO, NO, NO, NO, NO, 4276, 4276, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113205, LINEAR, NO, NO, NO, NO, NO, NO, 4276, 4276, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112111 , LINEAR, NO, NO, NO, NO, NO, NO, 7256, 7256, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112211, LINEAR, NO, NO, NO, NO, NO, NO, 7256, 7256, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112103 , LINEAR, NO, NO, NO, NO, NO, NO, 3299, 3299, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112203, LINEAR, NO, NO, NO, NO, NO, NO, 3299, 3299, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 
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   121020 , LINEAR, NO, NO, NO, NO, NO, NO, 25557, 17379, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131020, LINEAR, NO, NO, NO, NO, NO, NO, 25557, 17379, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   121013 , LINEAR, NO, NO, NO, NO, NO, NO, 15598, 10607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131013, LINEAR, NO, NO, NO, NO, NO, NO, 15598, 10607, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115117 , LINEAR, NO, NO, NO, NO, NO, NO, 15377, 15377, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115217, LINEAR, NO, NO, NO, NO, NO, NO, 15377, 15377, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115116 , LINEAR, NO, NO, NO, NO, NO, NO, 15275, 15275, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115216, LINEAR, NO, NO, NO, NO, NO, NO, 15275, 15275, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115115 , LINEAR, NO, NO, NO, NO, NO, NO, 15168, 15168, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115215, LINEAR, NO, NO, NO, NO, NO, NO, 15168, 15168, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   115110 , LINEAR, NO, NO, NO, NO, NO, NO, 15199, 15199, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   115210, LINEAR, NO, NO, NO, NO, NO, NO, 15199, 15199, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114112 , LINEAR, NO, NO, NO, NO, NO, NO, 15266, 15266, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   114212, LINEAR, NO, NO, NO, NO, NO, NO, 15266, 15266, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   121016 , LINEAR, NO, NO, NO, NO, NO, NO, 19754, 13433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   131016, LINEAR, NO, NO, NO, NO, NO, NO, 19754, 13433, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112121 , LINEAR, NO, NO, NO, NO, NO, NO, 29957, 29957, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112221, LINEAR, NO, NO, NO, NO, NO, NO, 29957, 29957, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112115 , LINEAR, NO, NO, NO, NO, NO, NO, 19697, 19697, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   112215, LINEAR, NO, NO, NO, NO, NO, NO, 19697, 19697, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Az, 0, 

0, 0, 0, 0 

   121011 , LINEAR, NO, NO, NO, NO, NO, NO, 6941, 4720, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   131011, LINEAR, NO, NO, NO, NO, NO, NO, 6941, 4720, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117102 , LINEAR, NO, NO, NO, NO, NO, NO, 1917, 1917, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   117202, LINEAR, NO, NO, NO, NO, NO, NO, 1917, 1917, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   116002, LINEAR, NO, NO, NO, NO, NO, NO, 1991, 1991, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114109 , LINEAR, NO, NO, NO, NO, NO, NO, 5948, 5948, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   114209, LINEAR, NO, NO, NO, NO, NO, NO, 5948, 5948, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113111 , LINEAR, NO, NO, NO, NO, NO, NO, 8948, 8948, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113211, LINEAR, NO, NO, NO, NO, NO, NO, 8948, 8948, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113110 , LINEAR, NO, NO, NO, NO, NO, NO, 6997, 6997, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113210, LINEAR, NO, NO, NO, NO, NO, NO, 6997, 6997, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112109 , LINEAR, NO, NO, NO, NO, NO, NO, 5958, 5958, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   112209, LINEAR, NO, NO, NO, NO, NO, NO, 5958, 5958, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-1, 0, 

0, 0, 0, 0 

   113102 , LINEAR, NO, NO, NO, NO, NO, NO, 1315, 1315, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 

0, 0, 0, 0 
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   113202, LINEAR, NO, NO, NO, NO, NO, NO, 1315, 1315, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Re, 0, 0, 

0, 0, 0 

   121026 , LINEAR, NO, NO, NO, NO, NO, NO, 17449, 11865, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   131026, LINEAR, NO, NO, NO, NO, NO, NO, 17449, 11865, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Tb-2, 

0, 0, 0, 0, 0 

   114122 , LINEAR, NO, NO, NO, NO, NO, NO, 3191, 3191, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 

0, 0, 0, 0 

   114222, LINEAR, NO, NO, NO, NO, NO, NO, 3191, 3191, 0, 0, 0, 0, NO, 0, 0, 0, 0, 0, 0, Estrato_Ap, 0, 0, 

0, 0, 0 

 

*ELASTICLINK    ; Elastic Link 

; iNO, iNODE1, iNODE2, LINK, ANGLE, R_SDx, R_SDy, R_SDz, R_SRx, R_SRy, R_SRz, SDx, SDy, SDz, SRx, SRy, SRz 

...  

;                      bSHEAR, DRy, DRz, GROUP                                                                  

; GEN 

; iNO, iNODE1, iNODE2, LINK, ANGLE, bSHEAR, DRy, DRz, GROUP                                                     

; RIGID 

; iNO, iNODE1, iNODE2, LINK, ANGLE, SDx, bSHEAR, DRy, DRz, GROUP                                                

; TENS,COMP 

; iNO, iNODE1, iNODE2, LINK, ANGLE, DIR, FUNCTION, bSHEAR, DRENDI, GROUP                                        

; MULTI LINEAR 

   102,   102,     2, GEN  ,     0, YES, NO, NO, NO, NO, NO, 0, 1900, 1900, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

   105,   105,     5, GEN  ,     0, YES, NO, NO, NO, NO, NO, 0, 1900, 1900, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

   123,   123,     3, GEN  ,     0, NO, NO, NO, NO, NO, NO, 10000, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

   124,   124,     4, GEN  ,     0, NO, NO, NO, NO, NO, NO, 10000, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  1010, 101010,  2004, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  1020, 101020,  8004, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  1030, 101030,  5004, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2110, 102110,  2010, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2120, 102120,  4010, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2130, 102130,  3012, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2140, 102140,  3008, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2210, 102210,  6010, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2220, 102220,  8010, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2230, 102230,  7012, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  2240, 102240,  7008, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3110, 103110,  2022, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3120, 103120,  4022, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3130, 103130,  3024, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3140, 103140,  3020, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3210, 103210,  6022, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3220, 103220,  8022, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3230, 103230,  7024, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  3240, 103240,  7020, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4110, 104110,  2034, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4120, 104120,  4034, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4130, 104130,  3036, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4140, 104140,  3032, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4210, 104210,  6034, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4220, 104220,  8034, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4230, 104230,  7036, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  4240, 104240,  7032, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5110, 105110,  2046, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5120, 105120,  4046, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5130, 105130,  3048, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5140, 105140,  3044, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5210, 105210,  6046, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5220, 105220,  8046, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5230, 105230,  7048, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  5240, 105240,  7044, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6010, 106010,  2058, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6020, 106020,  8058, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6030, 106030,  5060, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  6040, 106040,  5056, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7110, 107110,  2070, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7120, 107120,  4070, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7130, 107130,  3072, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 
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  7140, 107140,  3068, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7210, 107210,  6070, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7220, 107220,  8070, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7230, 107230,  7072, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

  7240, 107240,  7068, GEN  ,     0, YES, YES, YES, YES, YES, YES, 0, 0, 0, 0, 0, 0, NO, 0.5, 0.5, Apoyos 

 

*SECTDATA-CHK    ; Beam/Column Section Data for Design 

; iSEC, TYPE, ENVTYPE                        ; line  1 

; [BEAM-T]-I , [BEAM-T]-M , [BEAM-T]-J       ; line  2(layer1) 

; ...                                        ; ... 

; [BEAM-T]-I , [BEAM-T]-M , [BEAM-T]-J       ; line 11(layer10) 

; [BEAM-B]-I , [BEAM-B]-M , [BEAM-B]-J       ; line 12(layer1) 

; ...                                        ; ... 

; [BEAM-B]-I , [BEAM-B]-M , [BEAM-B]-J       ; line 21(layer10) 

; [SUB-BAR]-I, [SUB-BAR]-M, [SUB-BAR]-J      ; line 22 

; Dc1, [COLM]-P1, [COLM]-P2, [COLM]-P3       ; line  2(layer1) 

; ...                                        ; ... 

; Dc5, [COLM]-P1, [COLM]-P2, [COLM]-P3       ; line  6(layer5) 

; SBSIZE, SBSPACE, SBNUM, SBSIZE(y), SBSIZE(z), SBNUM(y), SBNUM(z) ; line  7 

; [BEAM-T] : Dt, NUM, S1, S2 

; [BEAM-B] : Db, NUM, S1, S2 

; [SUB-BAR] : NUM, S, DIST, ANGLE, bTBAR, TBAR, TBAR_S, BUNDLE, BUNDEL_N, LBAR, LBAR_N, bBUBAR, BUBAR, 

BUBAR_N, BUBAR_ANGLE 

; [COLM] : NUM, S1, S2 

   44, COLM, DRY 

    0.09,  12, #8, ,  10, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   46, COLM, DRY 

    0.09,  13, #8, ,  11, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   47, COLM, DRY 

    0.09,  14, #8, ,  12, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   48, COLM, DRY 

    0.09,  14, #8, ,  12, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   49, COLM, DRY 

    0.09,  15, #8, ,  13, #8, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   52, COLM, DRY 

    0.09,  8, #10, ,  7, #10, ,  7, #10,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   55, COLM, DRY 

    0.09,  20, #8, ,  9, #8, ,  0, ,  
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    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   62, COLM, DRY 

    0.09,  15, #10, ,  13, #10, ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #5, 0.15, 2, #5, #5, 2, 2 

   63, COLM, DRY 

    0.15,  18, #14, ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #4, 0.2, 2, #4, #4, 2, 2 

   64, COLM, DRY 

    0.155,  25, #14, ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    0,  0, , ,  0, , ,  0, ,  

    #6, 0.15, 2, #6, #6, 2, 2 

   65, BEAM, DRY 

    0.085, 11, #10, ,  0.085, 11, #10, ,  0.085, 11, #10,  

    0.115, 11, #10, ,  0.115, 11, #10, ,  0.115, 11, #10,  

    0.2, 2, #8, ,  0.2, 2, #8, ,  0.2, 2, #8,  

    0.3, 2, #8, ,  0.3, 2, #8, ,  0.3, 2, #8,  

    0.4, 2, #8, ,  0.4, 2, #8, ,  0.4, 2, #8,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0.085, 11, #10, ,  0.085, 11, #10, ,  0.085, 11, #10,  

    0.115, 11, #10, ,  0.115, 11, #10, ,  0.115, 11, #10,  

    0.2, 2, #8, ,  0.2, 2, #8, ,  0.2, 2, #8,  

    0.3, 2, #8, ,  0.3, 2, #8, ,  0.3, 2, #8,  

    0.4, 2, #8, ,  0.4, 2, #8, ,  0.4, 2, #8,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

    0, 0, , ,  0, 0, , ,  0, 0, ,  

YES,  6, #5, 0.15, 90, NO, , 0, NO, 2, , 4, NO, , 2, 0,  6, #5, 0.15, 90, NO, , 0, NO, 2, , 4, NO, , 2, 0,  

6, #5, 0.15, 90, NO, , 0, NO, 2, , 4, NO, , 2, 0 

 

*FRAME-RLS    ; Beam End Release 

; ELEM_LIST, bVALUE, FLAG-i, Fxi, Fyi, Fzi, Mxi, Myi, Mzi        ; 1st line 

;                    FLAG-j, Fxj, Fyj, Fzj, Mxj, Myj, Mzj, GROUP ; 2nd line 

 11002,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11003,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11005,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11006,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11007,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11008,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11009,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11011,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11012,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11013,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11014,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11015,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11017,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11018,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11019,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11020,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11021,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11023,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11024,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11025,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11026,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11027,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11029,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11030,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11031,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11032,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11033,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11035,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11036,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11037,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11038,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11039,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11041,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11042,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11043,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11044,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11045,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11047,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11048,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11049,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11050,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11051,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11053,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11054,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11055,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11056,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11057,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11059,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11060,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11061,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11062,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11063,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11065,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11066,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11067,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11068,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11069,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11071,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11072,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11073,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11074,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11075,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11077,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11078,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11079,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11080,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 11081,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13008,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13009,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13011,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13012,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13020,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13021,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13023,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13024,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13032,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13033,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13035,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13036,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13044,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13045,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13047,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13048,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13068,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13069,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13071,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13072,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13080,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 13081,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15002,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15003,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15005,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15006,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15007,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15008,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15009,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15023,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15024,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15025,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15026,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15027,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15029,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15030,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15031,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15032,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15033,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15047,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15048,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15049,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15050,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15051,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15053,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15054,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15055,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15056,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15057,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15059,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15060,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15061,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15062,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15063,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15065,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15066,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15067,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15068,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 15069,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16011,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16012,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16020,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16021,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16035,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16036,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16044,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16045,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16071,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16072,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16080,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 16081,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17008,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17009,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17011,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17012,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17013,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17014,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17015,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17017,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17018,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17019,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17020,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17021,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17023,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17024,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17032,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17033,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17035,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17036,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17037,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17038,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17039,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17041,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17042,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17043,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17044,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17045,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17047,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17048,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17068,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17069,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17071,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17072,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17073,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17074,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17075,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17077,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17078,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17079,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17080,  NO, 000011, 0, 0, 0, 0, 0, 0 

             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 17081,  NO, 000011, 0, 0, 0, 0, 0, 0 
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             000011, 0, 0, 0, 0, 0, 0, Relajaciones 

 

*LOADTOMASS    ; Load to Mass 

; DIR, bNODAL, bBEAM, bFLOOR, bPRES, GRAV 

; LCNAME1, FACTOR1, LCNAME2, FACTOR2, ...   ; from line 1 

   XYZ, YES, YES, YES, YES, 9.806 

   Barandilla y luminarias, 1, Pavimento estructural, 4 

   Pavimento no estructural, 1.65, PL01d_ext, 2.15, PL01i_ext, 2.15 

   PL02d_ext, 2.15, PL02i_ext, 2.15, PL03d_ext, 2.15, PL03i_ext, 2.15 

   PL04d_ext, 2.15, PL04i_ext, 2.15, PL05d_ext, 2.15, PL05i_ext, 2.15 

   PL06d_ext, 2.15, PL06i_ext, 2.15, PL07d_ext, 2.15, PL07i_ext, 2.15 

   PL08d_ext, 2.15, PL08i_ext, 2.15, PL09d_ext, 2.15, PL09i_ext, 2.15 

   PL10d_ext, 2.15, PL10i_ext, 2.15, PL01d_int, 2.15, PL01i_int, 2.15 

   PL02d_int, 2.15, PL02i_int, 2.15, PL03d_int, 2.15, PL03i_int, 2.15 

   PL04d_int, 2.15, PL04i_int, 2.15, PL05d_int, 2.15, PL05i_int, 2.15 

   PL06d_int, 2.15, PL06i_int, 2.15, PL07d_int, 2.15, PL07i_int, 2.15 

   PL08d_int, 2.15, PL08i_int, 2.15, PL09d_int, 2.15, PL09i_int, 2.15 

   PL10d_int, 2.15, PL10i_int, 2.15, Peso lastres, 1 

 

*USE-STLD, Peso propio 

 

*SELFWEIGHT    ; Self Weight 

; X, Y, Z, GROUP 

0, 0, -1, DC 

 

; End of data for load case [Peso propio] ------------------------- 

 

*USE-STLD, Barandilla y luminarias 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1010, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1021, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 469 DE 708 

 

 

  1030, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1040, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1050, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1061, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1070, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1081, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  1081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3013, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3018, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3037, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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  3039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3042, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3073, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  3078, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  4081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  6081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7013, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7018, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7037, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7042, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7073, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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  7075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  7078, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9001, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9010, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9021, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9030, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9040, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9050, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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  9058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9061, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9070, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9081, BEAM   , CONLOAD, GZ, NO , NO, aDir[1], , , , 0.5, -0.83, 0, 0, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

  9081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.27, 1, -0.27, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 

; End of data for load case [Barandilla y luminarias] ------------------------- 

 

*USE-STLD, Pavimento estructural 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  
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 11031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.43, 1, -1.43, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 11082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 12070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 474 DE 708 

 

 

 13032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 13082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 14010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 14022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 14034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 14046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 14070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  
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 15068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 15082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 16081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.43, 1, -1.43, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DC, NO, 0, 0, NO,  
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 17081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 17082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 18070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DC, NO, 0, 0, NO,  

 

; End of data for load case [Pavimento estructural] ------------------------- 

 

*USE-STLD, Pavimento no estructural 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.43, 1, -1.43, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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 11050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 11082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 12070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 13082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 14010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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 14022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 14034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 14046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 14070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 15082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  
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 16080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 16081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.43, 1, -1.43, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.41, 1, -1.41, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 17082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.53, 1, -1.53, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.47, 1, -1.47, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 18070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, DW, NO, 0, 0, NO,  

 

; End of data for load case [Pavimento no estructural] ------------------------- 

 

*USE-STLD, PL01d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 
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 11001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL01d_int] ------------------------- 

 

*USE-STLD, PL01i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15001, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15002, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15003, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.51, 1, -1.51, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.78, 1, -0.78, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL01i_int] ------------------------- 

 

*USE-STLD, PL02d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL02d_ext] ------------------------- 

 

*USE-STLD, PL02i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 18010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL02i_ext] ------------------------- 

 

*USE-STLD, PL02d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL02d_int] ------------------------- 

 

*USE-STLD, PL02i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15005, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15006, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15007, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15008, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15009, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18004, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL02i_int] ------------------------- 

 

*USE-STLD, PL03d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 
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; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL03d_ext] ------------------------- 

 

*USE-STLD, PL03i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17013, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17014, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17015, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17016, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17017, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17018, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17019, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 17022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL03i_ext] ------------------------- 

 

*USE-STLD, PL03d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 13010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL03d_int] ------------------------- 

 

*USE-STLD, PL03i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16010, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16011, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16012, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16020, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16021, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL03i_int] ------------------------- 

 

*USE-STLD, PL04d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 
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; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL04d_ext] ------------------------- 

 

*USE-STLD, PL04i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL04i_ext] ------------------------- 

 

*USE-STLD, PL04d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 11030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL04d_int] ------------------------- 

 

*USE-STLD, PL04i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15023, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15024, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15025, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15026, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15027, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15028, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15029, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15030, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15031, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15032, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15033, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16022, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL04i_int] ------------------------- 

 

*USE-STLD, PL05d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 
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; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL05d_ext] ------------------------- 

 

*USE-STLD, PL05i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17037, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17038, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17039, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17040, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17041, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17042, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17043, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 17045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL05i_ext] ------------------------- 

 

*USE-STLD, PL05d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 13034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL05d_int] ------------------------- 

 

*USE-STLD, PL05i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16034, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16035, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16036, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16044, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16045, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL05i_int] ------------------------- 

 

*USE-STLD, PL06d_ext 

 

*BEAMLOAD    ; Element Beam Loads 
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; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL06d_ext] ------------------------- 

 

*USE-STLD, PL06i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL06i_ext] ------------------------- 

 

*USE-STLD, PL06d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 13047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL06d_int] ------------------------- 

 

*USE-STLD, PL06i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15047, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15048, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15049, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15050, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15051, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15052, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15053, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15054, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15055, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15056, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15057, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16046, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL06i_int] ------------------------- 

 

*USE-STLD, PL07d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL07d_ext] ------------------------- 
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*USE-STLD, PL07i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL07i_ext] ------------------------- 

 

*USE-STLD, PL07d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 12058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL07d_int] ------------------------- 

 

*USE-STLD, PL07i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 
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; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15059, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15060, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15061, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15062, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15063, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15064, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15065, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15066, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15067, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15068, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15069, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18058, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL07i_int] ------------------------- 

 

*USE-STLD, PL08d_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 11070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 11082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  
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 12070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL08d_ext] ------------------------- 

 

*USE-STLD, PL08i_ext 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 17070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17073, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17074, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17075, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17076, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.5, 1, -1.5, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17077, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17078, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17079, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 17082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 18070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL08i_ext] ------------------------- 

 

*USE-STLD, PL08d_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 13070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 13082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 14070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL08d_int] ------------------------- 
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*USE-STLD, PL08i_int 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

 15070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 15082, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16070, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16071, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16072, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16080, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.38, 1, -1.38, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 16081, BEAM   , UNILOAD, GZ, NO , NO, aDir[1], , , , 0, -1.44, 1, -1.44, 0, 0, 0, 0, Live load, NO, 0, 0, 

NO,  

 

; End of data for load case [PL08i_int] ------------------------- 

 

*USE-STLD, WS+X 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  1018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1022, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1023, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1024, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1025, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1026, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1027, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1028, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1029, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1030, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1031, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1032, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1033, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1046, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1047, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1048, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1049, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1050, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1051, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  1052, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1053, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1054, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1055, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1056, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1057, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1058, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1059, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1060, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1061, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1062, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1063, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1064, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  3017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  6012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9022, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9023, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9024, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9025, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9026, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9027, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9028, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9029, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9030, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9031, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9032, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9033, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9046, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9047, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9048, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9049, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9050, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9051, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9052, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9053, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9054, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9055, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9056, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9057, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9058, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9059, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9060, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9061, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9062, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9063, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9064, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, 0.24, 1, 0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 102230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 104120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 105210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106001, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106002, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106031, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106040, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106041, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 107202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 

; End of data for load case [WS+X] ------------------------- 

 

*USE-STLD, WS-X 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1022, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1023, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1024, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1025, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1026, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1027, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1028, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1029, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1030, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1031, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1032, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1033, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1046, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1047, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1048, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1049, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1050, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1051, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1052, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1053, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1054, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1055, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1056, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1057, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1058, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1059, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1060, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1061, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1062, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1063, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1064, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  3018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  6019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9001, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9002, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9003, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9004, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9005, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9006, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9007, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9008, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9009, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9010, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9011, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9012, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9013, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9014, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9015, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9016, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9017, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9018, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9019, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9020, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9021, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9022, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9023, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9024, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9025, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9026, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9027, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9028, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9029, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9030, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9031, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9032, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9033, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9034, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9035, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9036, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9037, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9038, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9039, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9040, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9041, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9042, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9043, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9044, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9045, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9046, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9047, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9048, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9049, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9050, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9051, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9052, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9053, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9054, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9055, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9056, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9057, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9058, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9059, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9060, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9061, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9062, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9063, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9064, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9065, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9066, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9067, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9068, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9069, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9070, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9071, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9072, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9073, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9074, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9075, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9076, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9077, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9078, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9079, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9080, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9081, BEAM   , UNILOAD, LX, NO , NO, aDir[1], , , , 0, -0.24, 1, -0.24, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 101000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 101010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 102110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 102210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 102231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 103110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 103210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 104110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 104121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 104210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 105110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 105210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 105211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106000, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106001, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106002, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106003, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 106010, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106011, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106020, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106021, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106030, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106031, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106040, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106041, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107100, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107101, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107102, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107103, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 107110, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107111, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107120, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107121, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107130, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107131, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107140, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107141, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107200, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107201, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107202, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 107203, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 107210, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107211, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107220, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107221, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107230, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107231, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107240, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107241, BEAM   , UNILOAD, GX, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 

; End of data for load case [WS-X] ------------------------- 

 

*USE-STLD, WS+Y 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  1020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1022, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1023, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1024, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1025, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1026, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1027, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1028, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1029, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1030, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1031, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1032, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1033, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1046, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1047, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1048, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1049, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1050, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1051, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1052, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1053, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  1054, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1055, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1056, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1057, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1058, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1059, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1060, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1061, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1062, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1063, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1064, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  1081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  3037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  3078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  4081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  6020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  6081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  7078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 520 DE 708 

 

 

  9003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9022, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9023, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9024, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9025, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9026, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9027, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9028, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9029, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9030, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9031, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9032, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9033, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9046, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9047, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9048, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9049, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9050, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9051, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9052, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9053, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9054, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9055, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9056, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9057, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9058, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9059, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9060, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9061, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9062, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9063, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9064, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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  9071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

  9081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, 0.96, 1, 0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.4, 1, 0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 102240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 104130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 105220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106001, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106002, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106031, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106040, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106041, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.5, 1, 0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.75, 1, 0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 1.1, 1, 1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 107210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, 0.3, 1, 0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 

; End of data for load case [WS+Y] ------------------------- 

 

*USE-STLD, WS-Y 

 

*BEAMLOAD    ; Element Beam Loads 

; ELEM_LIST, CMD, TYPE, DIR, bPROJ, [ECCEN], [VALUE], GROUP 

; ELEM_LIST, CMD, TYPE, TYPE, DIR, VX, VY, VZ, bPROJ, [ECCEN], [VALUE], GROUP 

; [VALUE]       : D1, P1, D2, P2, D3, P3, D4, P4 

; [ECCEN]       : bECCEN, ECCDIR, I-END, J-END, bJ-END 

; [ADDITIONAL]  : bADDITIONAL, ADDITIONAL_I-END, ADDITIONAL_J-END, bADDITIONAL_J-END 

  1001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1022, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1023, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1024, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1025, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1026, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1027, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1028, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1029, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1030, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1031, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1032, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1033, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1046, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1047, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1048, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1049, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1050, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1051, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1052, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1053, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1054, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  1055, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1056, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1057, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1058, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1059, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1060, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1061, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1062, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1063, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1064, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  1081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  3038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  3078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  4081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  6021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  6081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  7078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9001, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9002, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9003, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9004, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9005, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9006, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9007, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9008, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9009, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9010, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9011, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9012, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9013, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9014, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9015, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9016, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9017, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9018, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9019, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9020, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9021, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9022, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9023, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9024, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9025, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9026, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9027, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9028, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9029, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9030, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9031, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9032, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9033, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9034, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9035, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9036, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9037, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9038, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9039, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9040, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9041, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9042, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9043, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9044, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9045, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9046, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9047, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9048, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9049, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9050, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9051, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9052, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9053, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9054, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9055, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9056, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9057, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9058, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9059, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9060, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9061, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9062, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9063, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9064, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9065, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9066, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9067, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9068, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9069, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9070, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9071, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  
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  9072, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9073, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9074, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9075, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9076, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9077, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9078, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9079, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9080, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

  9081, BEAM   , UNILOAD, LY, NO , NO, aDir[1], , , , 0, -0.96, 1, -0.96, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 101000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 101030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.4, 1, -0.4, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 102240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 102241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 103103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 103203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 103241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 104103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 104131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 104203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 104241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 105103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 105203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 105221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 105241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106000, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106001, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106002, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 106003, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106010, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106011, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106020, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106021, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106030, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106031, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106040, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 106041, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107100, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107101, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107102, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 107103, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107110, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107111, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107120, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107121, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107130, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107131, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107140, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107141, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107200, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107201, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.5, 1, -0.5, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107202, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.75, 1, -0.75, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 

0, NO,  

 107203, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -1.1, 1, -1.1, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107210, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  
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 107211, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107220, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107221, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107230, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107231, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107240, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 107241, BEAM   , UNILOAD, GY, NO , NO, aDir[1], , , , 0, -0.3, 1, -0.3, 0, 0, 0, 0, Vto_sin_SC, NO, 0, 0, 

NO,  

 

; End of data for load case [WS-Y] ------------------------- 

 

*USE-STLD, TU+ 

 

*ELTEMPER    ; Element Temperatures 

; ELEM_LIST, TEMPER, GROUP 

  1001, 20, Térmico 

  1002, 20, Térmico 

  1003, 20, Térmico 

  1004, 20, Térmico 

  1005, 20, Térmico 

  1006, 20, Térmico 

  1007, 20, Térmico 

  1008, 20, Térmico 

  1009, 20, Térmico 

  1010, 20, Térmico 

  1011, 20, Térmico 

  1012, 20, Térmico 

  1013, 20, Térmico 

  1014, 20, Térmico 

  1015, 20, Térmico 

  1016, 20, Térmico 

  1017, 20, Térmico 

  1018, 20, Térmico 

  1019, 20, Térmico 

  1020, 20, Térmico 

  1021, 20, Térmico 

  1022, 20, Térmico 

  1023, 20, Térmico 

  1024, 20, Térmico 

  1025, 20, Térmico 

  1026, 20, Térmico 

  1027, 20, Térmico 

  1028, 20, Térmico 

  1029, 20, Térmico 

  1030, 20, Térmico 

  1031, 20, Térmico 

  1032, 20, Térmico 

  1033, 20, Térmico 

  1034, 20, Térmico 

  1035, 20, Térmico 

  1036, 20, Térmico 

  1037, 20, Térmico 

  1038, 20, Térmico 

  1039, 20, Térmico 

  1040, 20, Térmico 

  1041, 20, Térmico 

  1042, 20, Térmico 

  1043, 20, Térmico 

  1044, 20, Térmico 

  1045, 20, Térmico 

  1046, 20, Térmico 

  1047, 20, Térmico 
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  1048, 20, Térmico 

  1049, 20, Térmico 

  1050, 20, Térmico 

  1051, 20, Térmico 

  1052, 20, Térmico 

  1053, 20, Térmico 

  1054, 20, Térmico 

  1055, 20, Térmico 

  1056, 20, Térmico 

  1057, 20, Térmico 

  1058, 20, Térmico 

  1059, 20, Térmico 

  1060, 20, Térmico 

  1061, 20, Térmico 

  1062, 20, Térmico 

  1063, 20, Térmico 

  1064, 20, Térmico 

  1065, 20, Térmico 

  1066, 20, Térmico 

  1067, 20, Térmico 

  1068, 20, Térmico 

  1069, 20, Térmico 

  1070, 20, Térmico 

  1071, 20, Térmico 

  1072, 20, Térmico 

  1073, 20, Térmico 

  1074, 20, Térmico 

  1075, 20, Térmico 

  1076, 20, Térmico 

  1077, 20, Térmico 

  1078, 20, Térmico 

  1079, 20, Térmico 

  1080, 20, Térmico 

  1081, 20, Térmico 

  3007, 20, Térmico 

  3008, 20, Térmico 

  3009, 20, Térmico 

  3010, 20, Térmico 

  3011, 20, Térmico 

  3012, 20, Térmico 

  3013, 20, Térmico 

  3014, 20, Térmico 

  3015, 20, Térmico 

  3016, 20, Térmico 

  3017, 20, Térmico 

  3018, 20, Térmico 

  3019, 20, Térmico 

  3020, 20, Térmico 

  3021, 20, Térmico 

  3022, 20, Térmico 

  3023, 20, Térmico 

  3024, 20, Térmico 

  3031, 20, Térmico 

  3032, 20, Térmico 

  3033, 20, Térmico 

  3034, 20, Térmico 

  3035, 20, Térmico 

  3036, 20, Térmico 

  3037, 20, Térmico 

  3038, 20, Térmico 

  3039, 20, Térmico 

  3040, 20, Térmico 

  3041, 20, Térmico 

  3042, 20, Térmico 

  3043, 20, Térmico 

  3044, 20, Térmico 

  3045, 20, Térmico 

  3046, 20, Térmico 
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  3047, 20, Térmico 

  3048, 20, Térmico 

  3067, 20, Térmico 

  3068, 20, Térmico 

  3069, 20, Térmico 

  3070, 20, Térmico 

  3071, 20, Térmico 

  3072, 20, Térmico 

  3073, 20, Térmico 

  3074, 20, Térmico 

  3075, 20, Térmico 

  3076, 20, Térmico 

  3077, 20, Térmico 

  3078, 20, Térmico 

  3079, 20, Térmico 

  3080, 20, Térmico 

  3081, 20, Térmico 

  4010, 20, Térmico 

  4011, 20, Térmico 

  4012, 20, Térmico 

  4019, 20, Térmico 

  4020, 20, Térmico 

  4021, 20, Térmico 

  4034, 20, Térmico 

  4035, 20, Térmico 

  4036, 20, Térmico 

  4043, 20, Térmico 

  4044, 20, Térmico 

  4045, 20, Térmico 

  4070, 20, Térmico 

  4071, 20, Térmico 

  4072, 20, Térmico 

  4079, 20, Térmico 

  4080, 20, Térmico 

  4081, 20, Térmico 

  5001, 20, Térmico 

  5002, 20, Térmico 

  5003, 20, Térmico 

  5004, 20, Térmico 

  5005, 20, Térmico 

  5006, 20, Térmico 

  5007, 20, Térmico 

  5008, 20, Térmico 

  5009, 20, Térmico 

  5022, 20, Térmico 

  5023, 20, Térmico 

  5024, 20, Térmico 

  5025, 20, Térmico 

  5026, 20, Térmico 

  5027, 20, Térmico 

  5028, 20, Térmico 

  5029, 20, Térmico 

  5030, 20, Térmico 

  5031, 20, Térmico 

  5032, 20, Térmico 

  5033, 20, Térmico 

  5046, 20, Térmico 

  5047, 20, Térmico 

  5048, 20, Térmico 

  5049, 20, Térmico 

  5050, 20, Térmico 

  5051, 20, Térmico 

  5052, 20, Térmico 

  5053, 20, Térmico 

  5054, 20, Térmico 

  5055, 20, Térmico 

  5056, 20, Térmico 

  5057, 20, Térmico 
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  5058, 20, Térmico 

  5059, 20, Térmico 

  5060, 20, Térmico 

  5061, 20, Térmico 

  5062, 20, Térmico 

  5063, 20, Térmico 

  5064, 20, Térmico 

  5065, 20, Térmico 

  5066, 20, Térmico 

  5067, 20, Térmico 

  5068, 20, Térmico 

  5069, 20, Térmico 

  6010, 20, Térmico 

  6011, 20, Térmico 

  6012, 20, Térmico 

  6019, 20, Térmico 

  6020, 20, Térmico 

  6021, 20, Térmico 

  6034, 20, Térmico 

  6035, 20, Térmico 

  6036, 20, Térmico 

  6043, 20, Térmico 

  6044, 20, Térmico 

  6045, 20, Térmico 

  6070, 20, Térmico 

  6071, 20, Térmico 

  6072, 20, Térmico 

  6079, 20, Térmico 

  6080, 20, Térmico 

  6081, 20, Térmico 

  7007, 20, Térmico 

  7008, 20, Térmico 

  7009, 20, Térmico 

  7010, 20, Térmico 

  7011, 20, Térmico 

  7012, 20, Térmico 

  7013, 20, Térmico 

  7014, 20, Térmico 

  7015, 20, Térmico 

  7016, 20, Térmico 

  7017, 20, Térmico 

  7018, 20, Térmico 

  7019, 20, Térmico 

  7020, 20, Térmico 

  7021, 20, Térmico 

  7022, 20, Térmico 

  7023, 20, Térmico 

  7024, 20, Térmico 

  7031, 20, Térmico 

  7032, 20, Térmico 

  7033, 20, Térmico 

  7034, 20, Térmico 

  7035, 20, Térmico 

  7036, 20, Térmico 

  7037, 20, Térmico 

  7038, 20, Térmico 

  7039, 20, Térmico 

  7040, 20, Térmico 

  7041, 20, Térmico 

  7042, 20, Térmico 

  7043, 20, Térmico 

  7044, 20, Térmico 

  7045, 20, Térmico 

  7046, 20, Térmico 

  7047, 20, Térmico 

  7048, 20, Térmico 

  7067, 20, Térmico 

  7068, 20, Térmico 
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  7069, 20, Térmico 

  7070, 20, Térmico 

  7071, 20, Térmico 

  7072, 20, Térmico 

  7073, 20, Térmico 

  7074, 20, Térmico 

  7075, 20, Térmico 

  7076, 20, Térmico 

  7077, 20, Térmico 

  7078, 20, Térmico 

  7079, 20, Térmico 

  7080, 20, Térmico 

  7081, 20, Térmico 

  9001, 20, Térmico 

  9002, 20, Térmico 

  9003, 20, Térmico 

  9004, 20, Térmico 

  9005, 20, Térmico 

  9006, 20, Térmico 

  9007, 20, Térmico 

  9008, 20, Térmico 

  9009, 20, Térmico 

  9010, 20, Térmico 

  9011, 20, Térmico 

  9012, 20, Térmico 

  9013, 20, Térmico 

  9014, 20, Térmico 

  9015, 20, Térmico 

  9016, 20, Térmico 

  9017, 20, Térmico 

  9018, 20, Térmico 

  9019, 20, Térmico 

  9020, 20, Térmico 

  9021, 20, Térmico 

  9022, 20, Térmico 

  9023, 20, Térmico 

  9024, 20, Térmico 

  9025, 20, Térmico 

  9026, 20, Térmico 

  9027, 20, Térmico 

  9028, 20, Térmico 

  9029, 20, Térmico 

  9030, 20, Térmico 

  9031, 20, Térmico 

  9032, 20, Térmico 

  9033, 20, Térmico 

  9034, 20, Térmico 

  9035, 20, Térmico 

  9036, 20, Térmico 

  9037, 20, Térmico 

  9038, 20, Térmico 

  9039, 20, Térmico 

  9040, 20, Térmico 

  9041, 20, Térmico 

  9042, 20, Térmico 

  9043, 20, Térmico 

  9044, 20, Térmico 

  9045, 20, Térmico 

  9046, 20, Térmico 

  9047, 20, Térmico 

  9048, 20, Térmico 

  9049, 20, Térmico 

  9050, 20, Térmico 

  9051, 20, Térmico 

  9052, 20, Térmico 

  9053, 20, Térmico 

  9054, 20, Térmico 

  9055, 20, Térmico 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 542 DE 708 

 

 

  9056, 20, Térmico 

  9057, 20, Térmico 

  9058, 20, Térmico 

  9059, 20, Térmico 

  9060, 20, Térmico 

  9061, 20, Térmico 

  9062, 20, Térmico 

  9063, 20, Térmico 

  9064, 20, Térmico 

  9065, 20, Térmico 

  9066, 20, Térmico 

  9067, 20, Térmico 

  9068, 20, Térmico 

  9069, 20, Térmico 

  9070, 20, Térmico 

  9071, 20, Térmico 

  9072, 20, Térmico 

  9073, 20, Térmico 

  9074, 20, Térmico 

  9075, 20, Térmico 

  9076, 20, Térmico 

  9077, 20, Térmico 

  9078, 20, Térmico 

  9079, 20, Térmico 

  9080, 20, Térmico 

  9081, 20, Térmico 

 11001, 20, Térmico 

 11002, 20, Térmico 

 11003, 20, Térmico 

 11004, 20, Térmico 

 11005, 20, Térmico 

 11006, 20, Térmico 

 11007, 20, Térmico 

 11008, 20, Térmico 

 11009, 20, Térmico 

 11010, 20, Térmico 

 11011, 20, Térmico 

 11012, 20, Térmico 

 11013, 20, Térmico 

 11014, 20, Térmico 

 11015, 20, Térmico 

 11016, 20, Térmico 

 11017, 20, Térmico 

 11018, 20, Térmico 

 11019, 20, Térmico 

 11020, 20, Térmico 

 11021, 20, Térmico 

 11022, 20, Térmico 

 11023, 20, Térmico 

 11024, 20, Térmico 

 11025, 20, Térmico 

 11026, 20, Térmico 

 11027, 20, Térmico 

 11028, 20, Térmico 

 11029, 20, Térmico 

 11030, 20, Térmico 

 11031, 20, Térmico 

 11032, 20, Térmico 

 11033, 20, Térmico 

 11034, 20, Térmico 

 11035, 20, Térmico 

 11036, 20, Térmico 

 11037, 20, Térmico 

 11038, 20, Térmico 

 11039, 20, Térmico 

 11040, 20, Térmico 

 11041, 20, Térmico 

 11042, 20, Térmico 
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 11043, 20, Térmico 

 11044, 20, Térmico 

 11045, 20, Térmico 

 11046, 20, Térmico 

 11047, 20, Térmico 

 11048, 20, Térmico 

 11049, 20, Térmico 

 11050, 20, Térmico 

 11051, 20, Térmico 

 11052, 20, Térmico 

 11053, 20, Térmico 

 11054, 20, Térmico 

 11055, 20, Térmico 

 11056, 20, Térmico 

 11057, 20, Térmico 

 11058, 20, Térmico 

 11059, 20, Térmico 

 11060, 20, Térmico 

 11061, 20, Térmico 

 11062, 20, Térmico 

 11063, 20, Térmico 

 11064, 20, Térmico 

 11065, 20, Térmico 

 11066, 20, Térmico 

 11067, 20, Térmico 

 11068, 20, Térmico 

 11069, 20, Térmico 

 11070, 20, Térmico 

 11071, 20, Térmico 

 11072, 20, Térmico 

 11073, 20, Térmico 

 11074, 20, Térmico 

 11075, 20, Térmico 

 11076, 20, Térmico 

 11077, 20, Térmico 

 11078, 20, Térmico 

 11079, 20, Térmico 

 11080, 20, Térmico 

 11081, 20, Térmico 

 11082, 20, Térmico 

 12004, 20, Térmico 

 12010, 20, Térmico 

 12022, 20, Térmico 

 12034, 20, Térmico 

 12046, 20, Térmico 

 12058, 20, Térmico 

 12070, 20, Térmico 

 12082, 20, Térmico 

 13008, 20, Térmico 

 13009, 20, Térmico 

 13010, 20, Térmico 

 13011, 20, Térmico 

 13012, 20, Térmico 

 13020, 20, Térmico 

 13021, 20, Térmico 

 13022, 20, Térmico 

 13023, 20, Térmico 

 13024, 20, Térmico 

 13032, 20, Térmico 

 13033, 20, Térmico 

 13034, 20, Térmico 

 13035, 20, Térmico 

 13036, 20, Térmico 

 13044, 20, Térmico 

 13045, 20, Térmico 

 13046, 20, Térmico 

 13047, 20, Térmico 

 13048, 20, Térmico 
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 13068, 20, Térmico 

 13069, 20, Térmico 

 13070, 20, Térmico 

 13071, 20, Térmico 

 13072, 20, Térmico 

 13080, 20, Térmico 

 13081, 20, Térmico 

 13082, 20, Térmico 

 14010, 20, Térmico 

 14022, 20, Térmico 

 14034, 20, Térmico 

 14046, 20, Térmico 

 14070, 20, Térmico 

 15001, 20, Térmico 

 15002, 20, Térmico 

 15003, 20, Térmico 

 15004, 20, Térmico 

 15005, 20, Térmico 

 15006, 20, Térmico 

 15007, 20, Térmico 

 15008, 20, Térmico 

 15009, 20, Térmico 

 15010, 20, Térmico 

 15022, 20, Térmico 

 15023, 20, Térmico 

 15024, 20, Térmico 

 15025, 20, Térmico 

 15026, 20, Térmico 

 15027, 20, Térmico 

 15028, 20, Térmico 

 15029, 20, Térmico 

 15030, 20, Térmico 

 15031, 20, Térmico 

 15032, 20, Térmico 

 15033, 20, Térmico 

 15034, 20, Térmico 

 15046, 20, Térmico 

 15047, 20, Térmico 

 15048, 20, Térmico 

 15049, 20, Térmico 

 15050, 20, Térmico 

 15051, 20, Térmico 

 15052, 20, Térmico 

 15053, 20, Térmico 

 15054, 20, Térmico 

 15055, 20, Térmico 

 15056, 20, Térmico 

 15057, 20, Térmico 

 15058, 20, Térmico 

 15059, 20, Térmico 

 15060, 20, Térmico 

 15061, 20, Térmico 

 15062, 20, Térmico 

 15063, 20, Térmico 

 15064, 20, Térmico 

 15065, 20, Térmico 

 15066, 20, Térmico 

 15067, 20, Térmico 

 15068, 20, Térmico 

 15069, 20, Térmico 

 15070, 20, Térmico 

 15082, 20, Térmico 

 16010, 20, Térmico 

 16011, 20, Térmico 

 16012, 20, Térmico 

 16020, 20, Térmico 

 16021, 20, Térmico 

 16022, 20, Térmico 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 545 DE 708 

 

 

 16034, 20, Térmico 

 16035, 20, Térmico 

 16036, 20, Térmico 

 16044, 20, Térmico 

 16045, 20, Térmico 

 16046, 20, Térmico 

 16070, 20, Térmico 

 16071, 20, Térmico 

 16072, 20, Térmico 

 16080, 20, Térmico 

 16081, 20, Térmico 

 17008, 20, Térmico 

 17009, 20, Térmico 

 17010, 20, Térmico 

 17011, 20, Térmico 

 17012, 20, Térmico 

 17013, 20, Térmico 

 17014, 20, Térmico 

 17015, 20, Térmico 

 17016, 20, Térmico 

 17017, 20, Térmico 

 17018, 20, Térmico 

 17019, 20, Térmico 

 17020, 20, Térmico 

 17021, 20, Térmico 

 17022, 20, Térmico 

 17023, 20, Térmico 

 17024, 20, Térmico 

 17032, 20, Térmico 

 17033, 20, Térmico 

 17034, 20, Térmico 

 17035, 20, Térmico 

 17036, 20, Térmico 

 17037, 20, Térmico 

 17038, 20, Térmico 

 17039, 20, Térmico 

 17040, 20, Térmico 

 17041, 20, Térmico 

 17042, 20, Térmico 

 17043, 20, Térmico 

 17044, 20, Térmico 

 17045, 20, Térmico 

 17046, 20, Térmico 

 17047, 20, Térmico 

 17048, 20, Térmico 

 17068, 20, Térmico 

 17069, 20, Térmico 

 17070, 20, Térmico 

 17071, 20, Térmico 

 17072, 20, Térmico 

 17073, 20, Térmico 

 17074, 20, Térmico 

 17075, 20, Térmico 

 17076, 20, Térmico 

 17077, 20, Térmico 

 17078, 20, Térmico 

 17079, 20, Térmico 

 17080, 20, Térmico 

 17081, 20, Térmico 

 17082, 20, Térmico 

 18004, 20, Térmico 

 18010, 20, Térmico 

 18022, 20, Térmico 

 18034, 20, Térmico 

 18046, 20, Térmico 

 18058, 20, Térmico 

 18070, 20, Térmico 

 18082, 20, Térmico 
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 101003, 20, Térmico 

 101010, 20, Térmico 

 101020, 20, Térmico 

 101030, 20, Térmico 

 102103, 20, Térmico 

 102110, 20, Térmico 

 102111, 20, Térmico 

 102120, 20, Térmico 

 102121, 20, Térmico 

 102130, 20, Térmico 

 102131, 20, Térmico 

 102140, 20, Térmico 

 102141, 20, Térmico 

 102203, 20, Térmico 

 102210, 20, Térmico 

 102211, 20, Térmico 

 102220, 20, Térmico 

 102221, 20, Térmico 

 102230, 20, Térmico 

 102231, 20, Térmico 

 102240, 20, Térmico 

 102241, 20, Térmico 

 103102, 20, Térmico 

 103103, 20, Térmico 

 103110, 20, Térmico 

 103111, 20, Térmico 

 103120, 20, Térmico 

 103121, 20, Térmico 

 103130, 20, Térmico 

 103131, 20, Térmico 

 103140, 20, Térmico 

 103141, 20, Térmico 

 103202, 20, Térmico 

 103203, 20, Térmico 

 103210, 20, Térmico 

 103211, 20, Térmico 

 103220, 20, Térmico 

 103221, 20, Térmico 

 103230, 20, Térmico 

 103231, 20, Térmico 

 103240, 20, Térmico 

 103241, 20, Térmico 

 104101, 20, Térmico 

 104102, 20, Térmico 

 104103, 20, Térmico 

 104110, 20, Térmico 

 104111, 20, Térmico 

 104120, 20, Térmico 

 104121, 20, Térmico 

 104130, 20, Térmico 

 104131, 20, Térmico 

 104140, 20, Térmico 

 104141, 20, Térmico 

 104201, 20, Térmico 

 104202, 20, Térmico 

 104203, 20, Térmico 

 104210, 20, Térmico 

 104211, 20, Térmico 

 104220, 20, Térmico 

 104221, 20, Térmico 

 104230, 20, Térmico 

 104231, 20, Térmico 

 104240, 20, Térmico 

 104241, 20, Térmico 

 105101, 20, Térmico 

 105102, 20, Térmico 

 105103, 20, Térmico 

 105110, 20, Térmico 
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 105111, 20, Térmico 

 105120, 20, Térmico 

 105121, 20, Térmico 

 105130, 20, Térmico 

 105131, 20, Térmico 

 105140, 20, Térmico 

 105141, 20, Térmico 

 105201, 20, Térmico 

 105202, 20, Térmico 

 105203, 20, Térmico 

 105210, 20, Térmico 

 105211, 20, Térmico 

 105220, 20, Térmico 

 105221, 20, Térmico 

 105230, 20, Térmico 

 105231, 20, Térmico 

 105240, 20, Térmico 

 105241, 20, Térmico 

 106001, 20, Térmico 

 106002, 20, Térmico 

 106003, 20, Térmico 

 106010, 20, Térmico 

 106011, 20, Térmico 

 106020, 20, Térmico 

 106021, 20, Térmico 

 106030, 20, Térmico 

 106031, 20, Térmico 

 106040, 20, Térmico 

 106041, 20, Térmico 

 107101, 20, Térmico 

 107102, 20, Térmico 

 107103, 20, Térmico 

 107110, 20, Térmico 

 107111, 20, Térmico 

 107120, 20, Térmico 

 107121, 20, Térmico 

 107130, 20, Térmico 

 107131, 20, Térmico 

 107140, 20, Térmico 

 107141, 20, Térmico 

 107201, 20, Térmico 

 107202, 20, Térmico 

 107203, 20, Térmico 

 107210, 20, Térmico 

 107211, 20, Térmico 

 107220, 20, Térmico 

 107221, 20, Térmico 

 107230, 20, Térmico 

 107231, 20, Térmico 

 107240, 20, Térmico 

 107241, 20, Térmico 

 

; End of data for load case [TU+] ------------------------- 

 

*USE-STLD, TU- 

 

*ELTEMPER    ; Element Temperatures 

; ELEM_LIST, TEMPER, GROUP 

  1001, -20, Térmico 

  1002, -20, Térmico 

  1003, -20, Térmico 

  1004, -20, Térmico 

  1005, -20, Térmico 

  1006, -20, Térmico 

  1007, -20, Térmico 

  1008, -20, Térmico 

  1009, -20, Térmico 

  1010, -20, Térmico 
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  1011, -20, Térmico 

  1012, -20, Térmico 

  1013, -20, Térmico 

  1014, -20, Térmico 

  1015, -20, Térmico 

  1016, -20, Térmico 

  1017, -20, Térmico 

  1018, -20, Térmico 

  1019, -20, Térmico 

  1020, -20, Térmico 

  1021, -20, Térmico 

  1022, -20, Térmico 

  1023, -20, Térmico 

  1024, -20, Térmico 

  1025, -20, Térmico 

  1026, -20, Térmico 

  1027, -20, Térmico 

  1028, -20, Térmico 

  1029, -20, Térmico 

  1030, -20, Térmico 

  1031, -20, Térmico 

  1032, -20, Térmico 

  1033, -20, Térmico 

  1034, -20, Térmico 

  1035, -20, Térmico 

  1036, -20, Térmico 

  1037, -20, Térmico 

  1038, -20, Térmico 

  1039, -20, Térmico 

  1040, -20, Térmico 

  1041, -20, Térmico 

  1042, -20, Térmico 

  1043, -20, Térmico 

  1044, -20, Térmico 

  1045, -20, Térmico 

  1046, -20, Térmico 

  1047, -20, Térmico 

  1048, -20, Térmico 

  1049, -20, Térmico 

  1050, -20, Térmico 

  1051, -20, Térmico 

  1052, -20, Térmico 

  1053, -20, Térmico 

  1054, -20, Térmico 

  1055, -20, Térmico 

  1056, -20, Térmico 

  1057, -20, Térmico 

  1058, -20, Térmico 

  1059, -20, Térmico 

  1060, -20, Térmico 

  1061, -20, Térmico 

  1062, -20, Térmico 

  1063, -20, Térmico 

  1064, -20, Térmico 

  1065, -20, Térmico 

  1066, -20, Térmico 

  1067, -20, Térmico 

  1068, -20, Térmico 

  1069, -20, Térmico 

  1070, -20, Térmico 

  1071, -20, Térmico 

  1072, -20, Térmico 

  1073, -20, Térmico 

  1074, -20, Térmico 

  1075, -20, Térmico 

  1076, -20, Térmico 

  1077, -20, Térmico 

  1078, -20, Térmico 
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  1079, -20, Térmico 

  1080, -20, Térmico 

  1081, -20, Térmico 

  3007, -20, Térmico 

  3008, -20, Térmico 

  3009, -20, Térmico 

  3010, -20, Térmico 

  3011, -20, Térmico 

  3012, -20, Térmico 

  3013, -20, Térmico 

  3014, -20, Térmico 

  3015, -20, Térmico 

  3016, -20, Térmico 

  3017, -20, Térmico 

  3018, -20, Térmico 

  3019, -20, Térmico 

  3020, -20, Térmico 

  3021, -20, Térmico 

  3022, -20, Térmico 

  3023, -20, Térmico 

  3024, -20, Térmico 

  3031, -20, Térmico 

  3032, -20, Térmico 

  3033, -20, Térmico 

  3034, -20, Térmico 

  3035, -20, Térmico 

  3036, -20, Térmico 

  3037, -20, Térmico 

  3038, -20, Térmico 

  3039, -20, Térmico 

  3040, -20, Térmico 

  3041, -20, Térmico 

  3042, -20, Térmico 

  3043, -20, Térmico 

  3044, -20, Térmico 

  3045, -20, Térmico 

  3046, -20, Térmico 

  3047, -20, Térmico 

  3048, -20, Térmico 

  3067, -20, Térmico 

  3068, -20, Térmico 

  3069, -20, Térmico 

  3070, -20, Térmico 

  3071, -20, Térmico 

  3072, -20, Térmico 

  3073, -20, Térmico 

  3074, -20, Térmico 

  3075, -20, Térmico 

  3076, -20, Térmico 

  3077, -20, Térmico 

  3078, -20, Térmico 

  3079, -20, Térmico 

  3080, -20, Térmico 

  3081, -20, Térmico 

  4010, -20, Térmico 

  4011, -20, Térmico 

  4012, -20, Térmico 

  4019, -20, Térmico 

  4020, -20, Térmico 

  4021, -20, Térmico 

  4034, -20, Térmico 

  4035, -20, Térmico 

  4036, -20, Térmico 

  4043, -20, Térmico 

  4044, -20, Térmico 

  4045, -20, Térmico 

  4070, -20, Térmico 

  4071, -20, Térmico 
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  4072, -20, Térmico 

  4079, -20, Térmico 

  4080, -20, Térmico 

  4081, -20, Térmico 

  5001, -20, Térmico 

  5002, -20, Térmico 

  5003, -20, Térmico 

  5004, -20, Térmico 

  5005, -20, Térmico 

  5006, -20, Térmico 

  5007, -20, Térmico 

  5008, -20, Térmico 

  5009, -20, Térmico 

  5022, -20, Térmico 

  5023, -20, Térmico 

  5024, -20, Térmico 

  5025, -20, Térmico 

  5026, -20, Térmico 

  5027, -20, Térmico 

  5028, -20, Térmico 

  5029, -20, Térmico 

  5030, -20, Térmico 

  5031, -20, Térmico 

  5032, -20, Térmico 

  5033, -20, Térmico 

  5046, -20, Térmico 

  5047, -20, Térmico 

  5048, -20, Térmico 

  5049, -20, Térmico 

  5050, -20, Térmico 

  5051, -20, Térmico 

  5052, -20, Térmico 

  5053, -20, Térmico 

  5054, -20, Térmico 

  5055, -20, Térmico 

  5056, -20, Térmico 

  5057, -20, Térmico 

  5058, -20, Térmico 

  5059, -20, Térmico 

  5060, -20, Térmico 

  5061, -20, Térmico 

  5062, -20, Térmico 

  5063, -20, Térmico 

  5064, -20, Térmico 

  5065, -20, Térmico 

  5066, -20, Térmico 

  5067, -20, Térmico 

  5068, -20, Térmico 

  5069, -20, Térmico 

  6010, -20, Térmico 

  6011, -20, Térmico 

  6012, -20, Térmico 

  6019, -20, Térmico 

  6020, -20, Térmico 

  6021, -20, Térmico 

  6034, -20, Térmico 

  6035, -20, Térmico 

  6036, -20, Térmico 

  6043, -20, Térmico 

  6044, -20, Térmico 

  6045, -20, Térmico 

  6070, -20, Térmico 

  6071, -20, Térmico 

  6072, -20, Térmico 

  6079, -20, Térmico 

  6080, -20, Térmico 

  6081, -20, Térmico 

  7007, -20, Térmico 
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  7008, -20, Térmico 

  7009, -20, Térmico 

  7010, -20, Térmico 

  7011, -20, Térmico 

  7012, -20, Térmico 

  7013, -20, Térmico 

  7014, -20, Térmico 

  7015, -20, Térmico 

  7016, -20, Térmico 

  7017, -20, Térmico 

  7018, -20, Térmico 

  7019, -20, Térmico 

  7020, -20, Térmico 

  7021, -20, Térmico 

  7022, -20, Térmico 

  7023, -20, Térmico 

  7024, -20, Térmico 

  7031, -20, Térmico 

  7032, -20, Térmico 

  7033, -20, Térmico 

  7034, -20, Térmico 

  7035, -20, Térmico 

  7036, -20, Térmico 

  7037, -20, Térmico 

  7038, -20, Térmico 

  7039, -20, Térmico 

  7040, -20, Térmico 

  7041, -20, Térmico 

  7042, -20, Térmico 

  7043, -20, Térmico 

  7044, -20, Térmico 

  7045, -20, Térmico 

  7046, -20, Térmico 

  7047, -20, Térmico 

  7048, -20, Térmico 

  7067, -20, Térmico 

  7068, -20, Térmico 

  7069, -20, Térmico 

  7070, -20, Térmico 

  7071, -20, Térmico 

  7072, -20, Térmico 

  7073, -20, Térmico 

  7074, -20, Térmico 

  7075, -20, Térmico 

  7076, -20, Térmico 

  7077, -20, Térmico 

  7078, -20, Térmico 

  7079, -20, Térmico 

  7080, -20, Térmico 

  7081, -20, Térmico 

  9001, -20, Térmico 

  9002, -20, Térmico 

  9003, -20, Térmico 

  9004, -20, Térmico 

  9005, -20, Térmico 

  9006, -20, Térmico 

  9007, -20, Térmico 

  9008, -20, Térmico 

  9009, -20, Térmico 

  9010, -20, Térmico 

  9011, -20, Térmico 

  9012, -20, Térmico 

  9013, -20, Térmico 

  9014, -20, Térmico 

  9015, -20, Térmico 

  9016, -20, Térmico 

  9017, -20, Térmico 

  9018, -20, Térmico 
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  9019, -20, Térmico 

  9020, -20, Térmico 

  9021, -20, Térmico 

  9022, -20, Térmico 

  9023, -20, Térmico 

  9024, -20, Térmico 

  9025, -20, Térmico 

  9026, -20, Térmico 

  9027, -20, Térmico 

  9028, -20, Térmico 

  9029, -20, Térmico 

  9030, -20, Térmico 

  9031, -20, Térmico 

  9032, -20, Térmico 

  9033, -20, Térmico 

  9034, -20, Térmico 

  9035, -20, Térmico 

  9036, -20, Térmico 

  9037, -20, Térmico 

  9038, -20, Térmico 

  9039, -20, Térmico 

  9040, -20, Térmico 

  9041, -20, Térmico 

  9042, -20, Térmico 

  9043, -20, Térmico 

  9044, -20, Térmico 

  9045, -20, Térmico 

  9046, -20, Térmico 

  9047, -20, Térmico 

  9048, -20, Térmico 

  9049, -20, Térmico 

  9050, -20, Térmico 

  9051, -20, Térmico 

  9052, -20, Térmico 

  9053, -20, Térmico 

  9054, -20, Térmico 

  9055, -20, Térmico 

  9056, -20, Térmico 

  9057, -20, Térmico 

  9058, -20, Térmico 

  9059, -20, Térmico 

  9060, -20, Térmico 

  9061, -20, Térmico 

  9062, -20, Térmico 

  9063, -20, Térmico 

  9064, -20, Térmico 

  9065, -20, Térmico 

  9066, -20, Térmico 

  9067, -20, Térmico 

  9068, -20, Térmico 

  9069, -20, Térmico 

  9070, -20, Térmico 

  9071, -20, Térmico 

  9072, -20, Térmico 

  9073, -20, Térmico 

  9074, -20, Térmico 

  9075, -20, Térmico 

  9076, -20, Térmico 

  9077, -20, Térmico 

  9078, -20, Térmico 

  9079, -20, Térmico 

  9080, -20, Térmico 

  9081, -20, Térmico 

 11001, -20, Térmico 

 11002, -20, Térmico 

 11003, -20, Térmico 

 11004, -20, Térmico 

 11005, -20, Térmico 
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 11006, -20, Térmico 

 11007, -20, Térmico 

 11008, -20, Térmico 

 11009, -20, Térmico 

 11010, -20, Térmico 

 11011, -20, Térmico 

 11012, -20, Térmico 

 11013, -20, Térmico 

 11014, -20, Térmico 

 11015, -20, Térmico 

 11016, -20, Térmico 

 11017, -20, Térmico 

 11018, -20, Térmico 

 11019, -20, Térmico 

 11020, -20, Térmico 

 11021, -20, Térmico 

 11022, -20, Térmico 

 11023, -20, Térmico 

 11024, -20, Térmico 

 11025, -20, Térmico 

 11026, -20, Térmico 

 11027, -20, Térmico 

 11028, -20, Térmico 

 11029, -20, Térmico 

 11030, -20, Térmico 

 11031, -20, Térmico 

 11032, -20, Térmico 

 11033, -20, Térmico 

 11034, -20, Térmico 

 11035, -20, Térmico 

 11036, -20, Térmico 

 11037, -20, Térmico 

 11038, -20, Térmico 

 11039, -20, Térmico 

 11040, -20, Térmico 

 11041, -20, Térmico 

 11042, -20, Térmico 

 11043, -20, Térmico 

 11044, -20, Térmico 

 11045, -20, Térmico 

 11046, -20, Térmico 

 11047, -20, Térmico 

 11048, -20, Térmico 

 11049, -20, Térmico 

 11050, -20, Térmico 

 11051, -20, Térmico 

 11052, -20, Térmico 

 11053, -20, Térmico 

 11054, -20, Térmico 

 11055, -20, Térmico 

 11056, -20, Térmico 

 11057, -20, Térmico 

 11058, -20, Térmico 

 11059, -20, Térmico 

 11060, -20, Térmico 

 11061, -20, Térmico 

 11062, -20, Térmico 

 11063, -20, Térmico 

 11064, -20, Térmico 

 11065, -20, Térmico 

 11066, -20, Térmico 

 11067, -20, Térmico 

 11068, -20, Térmico 

 11069, -20, Térmico 

 11070, -20, Térmico 

 11071, -20, Térmico 

 11072, -20, Térmico 

 11073, -20, Térmico 
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 11074, -20, Térmico 

 11075, -20, Térmico 

 11076, -20, Térmico 

 11077, -20, Térmico 

 11078, -20, Térmico 

 11079, -20, Térmico 

 11080, -20, Térmico 

 11081, -20, Térmico 

 11082, -20, Térmico 

 12004, -20, Térmico 

 12010, -20, Térmico 

 12022, -20, Térmico 

 12034, -20, Térmico 

 12046, -20, Térmico 

 12058, -20, Térmico 

 12070, -20, Térmico 

 12082, -20, Térmico 

 13008, -20, Térmico 

 13009, -20, Térmico 

 13010, -20, Térmico 

 13011, -20, Térmico 

 13012, -20, Térmico 

 13020, -20, Térmico 

 13021, -20, Térmico 

 13022, -20, Térmico 

 13023, -20, Térmico 

 13024, -20, Térmico 

 13032, -20, Térmico 

 13033, -20, Térmico 

 13034, -20, Térmico 

 13035, -20, Térmico 

 13036, -20, Térmico 

 13044, -20, Térmico 

 13045, -20, Térmico 

 13046, -20, Térmico 

 13047, -20, Térmico 

 13048, -20, Térmico 

 13068, -20, Térmico 

 13069, -20, Térmico 

 13070, -20, Térmico 

 13071, -20, Térmico 

 13072, -20, Térmico 

 13080, -20, Térmico 

 13081, -20, Térmico 

 13082, -20, Térmico 

 14010, -20, Térmico 

 14022, -20, Térmico 

 14034, -20, Térmico 

 14046, -20, Térmico 

 14070, -20, Térmico 

 15001, -20, Térmico 

 15002, -20, Térmico 

 15003, -20, Térmico 

 15004, -20, Térmico 

 15005, -20, Térmico 

 15006, -20, Térmico 

 15007, -20, Térmico 

 15008, -20, Térmico 

 15009, -20, Térmico 

 15010, -20, Térmico 

 15022, -20, Térmico 

 15023, -20, Térmico 

 15024, -20, Térmico 

 15025, -20, Térmico 

 15026, -20, Térmico 

 15027, -20, Térmico 

 15028, -20, Térmico 

 15029, -20, Térmico 
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 15030, -20, Térmico 

 15031, -20, Térmico 

 15032, -20, Térmico 

 15033, -20, Térmico 

 15034, -20, Térmico 

 15046, -20, Térmico 

 15047, -20, Térmico 

 15048, -20, Térmico 

 15049, -20, Térmico 

 15050, -20, Térmico 

 15051, -20, Térmico 

 15052, -20, Térmico 

 15053, -20, Térmico 

 15054, -20, Térmico 

 15055, -20, Térmico 

 15056, -20, Térmico 

 15057, -20, Térmico 

 15058, -20, Térmico 

 15059, -20, Térmico 

 15060, -20, Térmico 

 15061, -20, Térmico 

 15062, -20, Térmico 

 15063, -20, Térmico 

 15064, -20, Térmico 

 15065, -20, Térmico 

 15066, -20, Térmico 

 15067, -20, Térmico 

 15068, -20, Térmico 

 15069, -20, Térmico 

 15070, -20, Térmico 

 15082, -20, Térmico 

 16010, -20, Térmico 

 16011, -20, Térmico 

 16012, -20, Térmico 

 16020, -20, Térmico 

 16021, -20, Térmico 

 16022, -20, Térmico 

 16034, -20, Térmico 

 16035, -20, Térmico 

 16036, -20, Térmico 

 16044, -20, Térmico 

 16045, -20, Térmico 

 16046, -20, Térmico 

 16070, -20, Térmico 

 16071, -20, Térmico 

 16072, -20, Térmico 

 16080, -20, Térmico 

 16081, -20, Térmico 

 17008, -20, Térmico 

 17009, -20, Térmico 

 17010, -20, Térmico 

 17011, -20, Térmico 

 17012, -20, Térmico 

 17013, -20, Térmico 

 17014, -20, Térmico 

 17015, -20, Térmico 

 17016, -20, Térmico 

 17017, -20, Térmico 

 17018, -20, Térmico 

 17019, -20, Térmico 

 17020, -20, Térmico 

 17021, -20, Térmico 

 17022, -20, Térmico 

 17023, -20, Térmico 

 17024, -20, Térmico 

 17032, -20, Térmico 

 17033, -20, Térmico 

 17034, -20, Térmico 
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 17035, -20, Térmico 

 17036, -20, Térmico 

 17037, -20, Térmico 

 17038, -20, Térmico 

 17039, -20, Térmico 

 17040, -20, Térmico 

 17041, -20, Térmico 

 17042, -20, Térmico 

 17043, -20, Térmico 

 17044, -20, Térmico 

 17045, -20, Térmico 

 17046, -20, Térmico 

 17047, -20, Térmico 

 17048, -20, Térmico 

 17068, -20, Térmico 

 17069, -20, Térmico 

 17070, -20, Térmico 

 17071, -20, Térmico 

 17072, -20, Térmico 

 17073, -20, Térmico 

 17074, -20, Térmico 

 17075, -20, Térmico 

 17076, -20, Térmico 

 17077, -20, Térmico 

 17078, -20, Térmico 

 17079, -20, Térmico 

 17080, -20, Térmico 

 17081, -20, Térmico 

 17082, -20, Térmico 

 18004, -20, Térmico 

 18010, -20, Térmico 

 18022, -20, Térmico 

 18034, -20, Térmico 

 18046, -20, Térmico 

 18058, -20, Térmico 

 18070, -20, Térmico 

 18082, -20, Térmico 

 101003, -20, Térmico 

 101010, -20, Térmico 

 101020, -20, Térmico 

 101030, -20, Térmico 

 102103, -20, Térmico 

 102110, -20, Térmico 

 102111, -20, Térmico 

 102120, -20, Térmico 

 102121, -20, Térmico 

 102130, -20, Térmico 

 102131, -20, Térmico 

 102140, -20, Térmico 

 102141, -20, Térmico 

 102203, -20, Térmico 

 102210, -20, Térmico 

 102211, -20, Térmico 

 102220, -20, Térmico 

 102221, -20, Térmico 

 102230, -20, Térmico 

 102231, -20, Térmico 

 102240, -20, Térmico 

 102241, -20, Térmico 

 103102, -20, Térmico 

 103103, -20, Térmico 

 103110, -20, Térmico 

 103111, -20, Térmico 

 103120, -20, Térmico 

 103121, -20, Térmico 

 103130, -20, Térmico 

 103131, -20, Térmico 

 103140, -20, Térmico 
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 103141, -20, Térmico 

 103202, -20, Térmico 

 103203, -20, Térmico 

 103210, -20, Térmico 

 103211, -20, Térmico 

 103220, -20, Térmico 

 103221, -20, Térmico 

 103230, -20, Térmico 

 103231, -20, Térmico 

 103240, -20, Térmico 

 103241, -20, Térmico 

 104101, -20, Térmico 

 104102, -20, Térmico 

 104103, -20, Térmico 

 104110, -20, Térmico 

 104111, -20, Térmico 

 104120, -20, Térmico 

 104121, -20, Térmico 

 104130, -20, Térmico 

 104131, -20, Térmico 

 104140, -20, Térmico 

 104141, -20, Térmico 

 104201, -20, Térmico 

 104202, -20, Térmico 

 104203, -20, Térmico 

 104210, -20, Térmico 

 104211, -20, Térmico 

 104220, -20, Térmico 

 104221, -20, Térmico 

 104230, -20, Térmico 

 104231, -20, Térmico 

 104240, -20, Térmico 

 104241, -20, Térmico 

 105101, -20, Térmico 

 105102, -20, Térmico 

 105103, -20, Térmico 

 105110, -20, Térmico 

 105111, -20, Térmico 

 105120, -20, Térmico 

 105121, -20, Térmico 

 105130, -20, Térmico 

 105131, -20, Térmico 

 105140, -20, Térmico 

 105141, -20, Térmico 

 105201, -20, Térmico 

 105202, -20, Térmico 

 105203, -20, Térmico 

 105210, -20, Térmico 

 105211, -20, Térmico 

 105220, -20, Térmico 

 105221, -20, Térmico 

 105230, -20, Térmico 

 105231, -20, Térmico 

 105240, -20, Térmico 

 105241, -20, Térmico 

 106001, -20, Térmico 

 106002, -20, Térmico 

 106003, -20, Térmico 

 106010, -20, Térmico 

 106011, -20, Térmico 

 106020, -20, Térmico 

 106021, -20, Térmico 

 106030, -20, Térmico 

 106031, -20, Térmico 

 106040, -20, Térmico 

 106041, -20, Térmico 

 107101, -20, Térmico 

 107102, -20, Térmico 
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 107103, -20, Térmico 

 107110, -20, Térmico 

 107111, -20, Térmico 

 107120, -20, Térmico 

 107121, -20, Térmico 

 107130, -20, Térmico 

 107131, -20, Térmico 

 107140, -20, Térmico 

 107141, -20, Térmico 

 107201, -20, Térmico 

 107202, -20, Térmico 

 107203, -20, Térmico 

 107210, -20, Térmico 

 107211, -20, Térmico 

 107220, -20, Térmico 

 107221, -20, Térmico 

 107230, -20, Térmico 

 107231, -20, Térmico 

 107240, -20, Térmico 

 107241, -20, Térmico 

 

; End of data for load case [TU-] ------------------------- 

 

*USE-STLD, TG+ 

 

*ELTEMPER    ; Element Temperatures 

; ELEM_LIST, TEMPER, GROUP 

  1001, 6, Térmico 

  1002, 6, Térmico 

  1003, 6, Térmico 

  1004, 6, Térmico 

  1005, 6, Térmico 

  1006, 6, Térmico 

  1007, 6, Térmico 

  1008, 6, Térmico 

  1009, 6, Térmico 

  1010, 6, Térmico 

  1011, 6, Térmico 

  1012, 6, Térmico 

  1013, 6, Térmico 

  1014, 6, Térmico 

  1015, 6, Térmico 

  1016, 6, Térmico 

  1017, 6, Térmico 

  1018, 6, Térmico 

  1019, 6, Térmico 

  1020, 6, Térmico 

  1021, 6, Térmico 

  1022, 6, Térmico 

  1023, 6, Térmico 

  1024, 6, Térmico 

  1025, 6, Térmico 

  1026, 6, Térmico 

  1027, 6, Térmico 

  1028, 6, Térmico 

  1029, 6, Térmico 

  1030, 6, Térmico 

  1031, 6, Térmico 

  1032, 6, Térmico 

  1033, 6, Térmico 

  1034, 6, Térmico 

  1035, 6, Térmico 

  1036, 6, Térmico 

  1037, 6, Térmico 

  1038, 6, Térmico 

  1039, 6, Térmico 

  1040, 6, Térmico 

  1041, 6, Térmico 
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  1042, 6, Térmico 

  1043, 6, Térmico 

  1044, 6, Térmico 

  1045, 6, Térmico 

  1046, 6, Térmico 

  1047, 6, Térmico 

  1048, 6, Térmico 

  1049, 6, Térmico 

  1050, 6, Térmico 

  1051, 6, Térmico 

  1052, 6, Térmico 

  1053, 6, Térmico 

  1054, 6, Térmico 

  1055, 6, Térmico 

  1056, 6, Térmico 

  1057, 6, Térmico 

  1058, 6, Térmico 

  1059, 6, Térmico 

  1060, 6, Térmico 

  1061, 6, Térmico 

  1062, 6, Térmico 

  1063, 6, Térmico 

  1064, 6, Térmico 

  1065, 6, Térmico 

  1066, 6, Térmico 

  1067, 6, Térmico 

  1068, 6, Térmico 

  1069, 6, Térmico 

  1070, 6, Térmico 

  1071, 6, Térmico 

  1072, 6, Térmico 

  1073, 6, Térmico 

  1074, 6, Térmico 

  1075, 6, Térmico 

  1076, 6, Térmico 

  1077, 6, Térmico 

  1078, 6, Térmico 

  1079, 6, Térmico 

  1080, 6, Térmico 

  1081, 6, Térmico 

  3013, 6, Térmico 

  3014, 6, Térmico 

  3015, 6, Térmico 

  3016, 6, Térmico 

  3017, 6, Térmico 

  3018, 6, Térmico 

  3037, 6, Térmico 

  3038, 6, Térmico 

  3039, 6, Térmico 

  3040, 6, Térmico 

  3041, 6, Térmico 

  3042, 6, Térmico 

  3073, 6, Térmico 

  3074, 6, Térmico 

  3075, 6, Térmico 

  3076, 6, Térmico 

  3077, 6, Térmico 

  3078, 6, Térmico 

  4010, 6, Térmico 

  4011, 6, Térmico 

  4012, 6, Térmico 

  4019, 6, Térmico 

  4020, 6, Térmico 

  4021, 6, Térmico 

  4034, 6, Térmico 

  4035, 6, Térmico 

  4036, 6, Térmico 

  4043, 6, Térmico 
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  4044, 6, Térmico 

  4045, 6, Térmico 

  4070, 6, Térmico 

  4071, 6, Térmico 

  4072, 6, Térmico 

  4079, 6, Térmico 

  4080, 6, Térmico 

  4081, 6, Térmico 

  6010, 6, Térmico 

  6011, 6, Térmico 

  6012, 6, Térmico 

  6019, 6, Térmico 

  6020, 6, Térmico 

  6021, 6, Térmico 

  6034, 6, Térmico 

  6035, 6, Térmico 

  6036, 6, Térmico 

  6043, 6, Térmico 

  6044, 6, Térmico 

  6045, 6, Térmico 

  6070, 6, Térmico 

  6071, 6, Térmico 

  6072, 6, Térmico 

  6079, 6, Térmico 

  6080, 6, Térmico 

  6081, 6, Térmico 

  7013, 6, Térmico 

  7014, 6, Térmico 

  7015, 6, Térmico 

  7016, 6, Térmico 

  7017, 6, Térmico 

  7018, 6, Térmico 

  7037, 6, Térmico 

  7038, 6, Térmico 

  7039, 6, Térmico 

  7040, 6, Térmico 

  7041, 6, Térmico 

  7042, 6, Térmico 

  7073, 6, Térmico 

  7074, 6, Térmico 

  7075, 6, Térmico 

  7076, 6, Térmico 

  7077, 6, Térmico 

  7078, 6, Térmico 

  9001, 6, Térmico 

  9002, 6, Térmico 

  9003, 6, Térmico 

  9004, 6, Térmico 

  9005, 6, Térmico 

  9006, 6, Térmico 

  9007, 6, Térmico 

  9008, 6, Térmico 

  9009, 6, Térmico 

  9010, 6, Térmico 

  9011, 6, Térmico 

  9012, 6, Térmico 

  9013, 6, Térmico 

  9014, 6, Térmico 

  9015, 6, Térmico 

  9016, 6, Térmico 

  9017, 6, Térmico 

  9018, 6, Térmico 

  9019, 6, Térmico 

  9020, 6, Térmico 

  9021, 6, Térmico 

  9022, 6, Térmico 

  9023, 6, Térmico 

  9024, 6, Térmico 
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  9025, 6, Térmico 

  9026, 6, Térmico 

  9027, 6, Térmico 

  9028, 6, Térmico 

  9029, 6, Térmico 

  9030, 6, Térmico 

  9031, 6, Térmico 

  9032, 6, Térmico 

  9033, 6, Térmico 

  9034, 6, Térmico 

  9035, 6, Térmico 

  9036, 6, Térmico 

  9037, 6, Térmico 

  9038, 6, Térmico 

  9039, 6, Térmico 

  9040, 6, Térmico 

  9041, 6, Térmico 

  9042, 6, Térmico 

  9043, 6, Térmico 

  9044, 6, Térmico 

  9045, 6, Térmico 

  9046, 6, Térmico 

  9047, 6, Térmico 

  9048, 6, Térmico 

  9049, 6, Térmico 

  9050, 6, Térmico 

  9051, 6, Térmico 

  9052, 6, Térmico 

  9053, 6, Térmico 

  9054, 6, Térmico 

  9055, 6, Térmico 

  9056, 6, Térmico 

  9057, 6, Térmico 

  9058, 6, Térmico 

  9059, 6, Térmico 

  9060, 6, Térmico 

  9061, 6, Térmico 

  9062, 6, Térmico 

  9063, 6, Térmico 

  9064, 6, Térmico 

  9065, 6, Térmico 

  9066, 6, Térmico 

  9067, 6, Térmico 

  9068, 6, Térmico 

  9069, 6, Térmico 

  9070, 6, Térmico 

  9071, 6, Térmico 

  9072, 6, Térmico 

  9073, 6, Térmico 

  9074, 6, Térmico 

  9075, 6, Térmico 

  9076, 6, Térmico 

  9077, 6, Térmico 

  9078, 6, Térmico 

  9079, 6, Térmico 

  9080, 6, Térmico 

  9081, 6, Térmico 

 

*BSTEMPER    ; Beam Section Temperature 

; ELEM_LIST, DIR, REF, NUM, GROUP, bPSC              ; line 1 

;   TYPE1, ELAST1, THERMAL1, B1, H11, T11, H21, T21  ; line 2 

;   ... 

;   TYPEn, ELASTn, THERMALn, Bn, H1n, T1n, H2n, T2n  ; line n+1 

;   TYPE, ELAST, THERMAL, REF, BOPT, B, H1OPT, H1, H2OPT, H2, T1, T2 ; line 2(PSC) 

  3007, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3007, LZ, Bot, 1, Térmico, NO 
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    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3008, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3008, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3009, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3009, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3011, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3011, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3012, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3012, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3019, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3019, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3020, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3020, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3021, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3021, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3023, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3023, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3024, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3024, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3031, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3031, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3032, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3032, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3033, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 
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    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3033, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3035, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3035, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3036, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3036, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3043, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3043, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3044, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3044, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3045, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3045, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3047, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3047, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3048, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3048, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3067, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3067, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3068, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3068, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3069, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3069, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3070, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 564 DE 708 

 

 

  3071, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3071, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3072, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3072, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3079, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3079, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3080, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  3080, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3081, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  3081, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  5001, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5001, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5002, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5002, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5003, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5003, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5004, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5004, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5005, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5005, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5006, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5006, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5007, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5007, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5008, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5008, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5009, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5009, LZ, Bot, 2, Térmico, NO 
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    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5023, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5023, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5024, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5024, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5025, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5025, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5026, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5026, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5027, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5027, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5028, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5028, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5029, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5029, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5030, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5030, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5031, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5031, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5032, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5032, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5033, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5033, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5047, LZ, Bot, 2, Térmico, NO 
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    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5047, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5048, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5048, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5049, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5049, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5050, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5050, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5051, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5051, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5052, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5052, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5053, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5053, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5054, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5054, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5055, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5055, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5056, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5056, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5057, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5057, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5058, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5058, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5059, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5059, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5060, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5060, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 
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    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5061, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5061, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5062, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5062, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5063, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5063, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5064, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5064, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5065, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5065, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5066, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5066, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5067, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5067, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5068, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  5068, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5069, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  1,  0, 3.5,  0.6, 3.5 

  5069, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  1,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  1,  0.65, 6,  0.75, 23 

  7007, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7007, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7008, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7008, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7009, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7009, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7011, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 
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    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7011, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7012, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7012, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7019, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7019, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7020, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7020, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7021, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7021, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7023, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7023, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7024, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7024, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7031, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7031, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7032, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7032, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7033, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7033, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7035, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7035, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7036, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7036, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 
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  7043, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7043, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7044, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7044, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7045, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7045, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7047, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7047, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7048, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7048, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7067, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7067, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7068, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7068, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7069, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7069, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7070, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7071, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7071, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7072, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7072, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7079, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7079, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7080, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  7080, LZ, Bot, 2, Térmico, NO 
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    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7081, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  7081, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11001, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11001, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11004, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11004, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11016, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11016, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11028, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11028, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11040, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11040, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11052, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11052, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11058, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11058, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11064, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11064, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11070, LZ, Bot, 2, Térmico, NO 
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    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11076, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  11076, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11082, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  11082, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  12004, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12004, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  12010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  12022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  12022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  12046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  12046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12058, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  12058, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  12070, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  12070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  13010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  13034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  13034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 
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    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  13070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13070, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  13082, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  13082, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  14010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  14010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  14022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  14022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  14034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  14034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  14046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  14046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  14070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  14070, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15001, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15001, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15004, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15004, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15028, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15028, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 
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    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15052, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15052, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15058, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15058, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15064, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15064, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15070, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  15070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15082, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  15082, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  16010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  16010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  16022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  16022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  16034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  16034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  16046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  16046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  16070, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  16070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  17010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17016, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17016, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  17022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  17022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 
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  17034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  17040, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  17040, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  17046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17070, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  17070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17076, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  17076, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  17082, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  17082, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18004, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  18004, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18010, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18010, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  18022, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  18022, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18034, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18034, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  18046, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  18046, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18058, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

  18058, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  18070, LZ, Bot, 2, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0.6, 3.5,  0.65, 6 

    ELEMENT,  0, 0,  0.5,  0.65, 6,  0.75, 23 

  18070, LZ, Bot, 1, Térmico, NO 

    ELEMENT,  0, 0,  0.5,  0, 3.5,  0.6, 3.5 

 

; End of data for load case [TG+] ------------------------- 
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*USE-STLD, SE01a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 121035, 001000, 0, 0, -0.005, 0, 0, 0,  

 131035, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE01a] ------------------------- 

 

*USE-STLD, SE02a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 112137, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE02a] ------------------------- 

 

*USE-STLD, SE02b 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 112237, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE02b] ------------------------- 

 

*USE-STLD, SE03a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 113133, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE03a] ------------------------- 

 

*USE-STLD, SE03b 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 113233, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE03b] ------------------------- 

 

*USE-STLD, SE04a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 114131, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE04a] ------------------------- 

 

*USE-STLD, SE04b 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 114231, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE04b] ------------------------- 

 

*USE-STLD, SE05a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 115130, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE05a] ------------------------- 

 

*USE-STLD, SE05b 

 

*SPDISP    ; Specified Displacement of Supports 
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; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 115230, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE05b] ------------------------- 

 

*USE-STLD, SE06a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 116025, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE06a] ------------------------- 

 

*USE-STLD, SE07a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 117126, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE07a] ------------------------- 

 

*USE-STLD, SE07b 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 117226, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE07b] ------------------------- 

 

*USE-STLD, SE08a 

 

*SPDISP    ; Specified Displacement of Supports 

; NODE_LIST, FLAG, Dx, Dy, Dz, Rx, Ry, Rz, GROUP 

 100, 001000, 0, 0, -0.005, 0, 0, 0,  

 

; End of data for load case [SE08a] ------------------------- 

 

*SFUNCTION    ; Spectrum Function 

; FUNC=NAME, iTYPE, iMETHOD, SCALE/MAX, GRAV, DRATIO, DESC, RMF      ; line 1 

;   SPEC_CODE, [CODE_DATA]                                           ; line 2 

;      PERIOD1, VALUE1, PERIOD2, VALUE2, ...                         ; from line 3 

;[CODE_DATA] : NSC, SFI, SC, EQ, TG, DP, MaxEQ        

    ; CH2001 

;[CODE_DATA] : NSC, SFI, SC, EQ, TG, DP, MaxEQ, nLForce              ; CH2010 

;[CODE_DATA] : SFI, SC, EQ, TG, DP, MaxEQ                            ; CHSH2003 

;[CODE_DATA] : DIV, SC, SFI, EQ, TG, G                               ; GB50111_2006 

;[CODE_DATA] : BT, ZM, ST, SI, SC, TG, CI, CS, CD, EPA, SMAX, PERIOD ; JTG/T B02-01-2008 

;[CODE_DATA] : iSPE, SParam, TB, TC, TD, AG, Q, IF, FPX, FPY         ; P100-1(2013) 

   FUNC=PRODISIS_ST1_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.07,   0.050000,         0.294 

          0.100000,           0.6,   0.600000,           0.6 

          0.700000,         0.555,   0.800000,          0.52 

          0.900000,          0.49,   1.000000,         0.465 

          1.100000,         0.443,   1.200000,         0.424 

          1.300000,         0.408,   1.400000,         0.393 

          1.500000,         0.379,   1.600000,         0.367 

          1.700000,         0.356,   1.800000,         0.346 

          1.900000,         0.337,   2.000000,         0.329 

          2.250000,         0.258,   2.500000,         0.204 

          2.750000,         0.164,   3.000000,         0.133 

          3.250000,         0.109,   3.500000,         0.091 

          3.750000,         0.076,   4.000000,         0.065 

          4.250000,         0.056,   4.500000,         0.048 

          4.750000,         0.042,   5.000000,         0.037 

   FUNC=PRODISIS_ST2_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.168,   0.050000,         0.455 
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          0.100000,         0.786,   0.150000,         1.179 

          0.200000,         1.639,   1.400000,         1.639 

          1.500000,         1.566,   1.600000,           1.5 

          1.700000,          1.44,   1.800000,         1.387 

          1.900000,         1.337,   2.000000,         1.292 

          2.100000,         1.113,   2.200000,         0.966 

          2.300000,         0.844,   2.400000,         0.742 

          2.500000,         0.656,   2.600000,         0.584 

          2.700000,         0.522,   2.800000,         0.468 

          2.900000,         0.422,   3.000000,         0.382 

          3.250000,         0.302,   3.500000,         0.244 

          3.750000,         0.199,   4.000000,         0.166 

          4.250000,         0.139,   4.500000,         0.118 

          4.750000,         0.101,   5.000000,         0.088 

   FUNC=PRODISIS_ST3_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.189,   0.050000,         0.538 

          0.100000,         0.946,   0.150000,         1.428 

          0.200000,         1.995,   2.000000,         1.995 

          2.100000,         1.611,   2.200000,         1.319 

          2.300000,         1.092,   2.400000,         0.913 

          2.500000,         0.771,   2.600000,         0.657 

          2.700000,         0.564,   2.800000,         0.488 

          2.900000,         0.425,   3.000000,         0.372 

          3.100000,         0.328,   3.200000,          0.29 

          3.300000,         0.258,   3.400000,         0.231 

          3.500000,         0.207,   3.600000,         0.186 

          3.700000,         0.168,   3.800000,         0.153 

          3.900000,         0.139,   4.000000,         0.127 

          4.250000,         0.102,   4.500000,         0.083 

          4.750000,         0.069,   5.000000,         0.058 

   FUNC=SASID(N)_ST1_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.097,   0.050000,         0.142 

          0.100000,         0.189,   0.150000,         0.246 

          0.200000,         0.314,   0.250000,         0.394 

          0.300000,         0.487,   0.350000,         0.596 

          0.400000,         0.723,   1.300000,         0.723 

          1.400000,         0.663,   1.500000,         0.604 

          1.600000,          0.55,   1.700000,         0.501 

          1.800000,         0.457,   1.900000,         0.418 

          2.000000,         0.382,   2.100000,         0.351 

          2.250000,          0.31,   2.500000,         0.256 

          2.750000,         0.214,   3.000000,         0.181 

          3.250000,         0.155,   3.500000,         0.134 

          3.750000,         0.117,   4.000000,         0.103 

          4.250000,         0.091,   4.500000,         0.081 

          4.750000,         0.073,   5.000000,         0.066 

   FUNC=SASID(N)_ST2_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.231,   0.050000,          0.37 

          0.100000,         0.523,   0.150000,         0.707 

          0.200000,         0.927,   0.250000,         1.187 

          0.300000,         1.492,   0.350000,         1.846 

          0.400000,         2.254,   1.300000,         2.254 

          1.400000,         2.067,   1.500000,         1.886 

          1.600000,         1.717,   1.700000,         1.564 

          1.800000,         1.426,   1.900000,         1.303 

          2.000000,         1.193,   2.100000,         1.095 

          2.250000,         0.968,   2.500000,         0.797 

          2.750000,         0.666,   3.000000,         0.564 

          3.250000,         0.483,   3.500000,         0.418 

          3.750000,         0.365,   4.000000,         0.321 

          4.250000,         0.285,   4.500000,         0.254 

          4.750000,         0.228,   5.000000,         0.206 

   FUNC=SASID(N)_ST3_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.259,   0.050000,         0.428 
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          0.100000,         0.616,   0.150000,         0.842 

          0.200000,         1.113,   0.250000,         1.432 

          0.300000,         1.807,   0.350000,         2.241 

          0.400000,         2.743,   1.300000,         2.743 

          1.400000,         2.516,   1.500000,         2.295 

          1.600000,         2.089,   1.700000,         1.903 

          1.800000,         1.735,   1.900000,         1.585 

          2.000000,         1.452,   2.100000,         1.333 

          2.250000,         1.178,   2.500000,          0.97 

          2.750000,         0.811,   3.000000,         0.687 

          3.250000,         0.588,   3.500000,         0.509 

          3.750000,         0.444,   4.000000,         0.391 

          4.250000,         0.346,   4.500000,         0.309 

          4.750000,         0.277,   5.000000,          0.25 

   FUNC=SASID(S)_ST1_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.08,   0.050000,         0.117 

          0.100000,         0.156,   0.150000,         0.202 

          0.200000,         0.257,   0.250000,         0.322 

          0.300000,         0.399,   0.350000,         0.488 

          0.400000,         0.591,   1.400000,         0.591 

          1.500000,         0.546,   1.600000,         0.501 

          1.700000,          0.46,   1.800000,         0.421 

          1.900000,         0.387,   2.000000,         0.355 

          2.100000,         0.327,   2.200000,         0.302 

          2.300000,         0.279,   2.500000,          0.24 

          2.750000,         0.201,   3.000000,         0.171 

          3.250000,         0.146,   3.500000,         0.127 

          3.750000,         0.111,   4.000000,         0.098 

          4.250000,         0.087,   4.500000,         0.077 

          4.750000,         0.069,   5.000000,         0.063 

   FUNC=SASID(S)_ST2_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.19,   0.050000,         0.305 

          0.100000,         0.431,   0.150000,         0.583 

          0.200000,         0.764,   0.250000,         0.978 

          0.300000,         1.229,   0.350000,         1.521 

          0.400000,         1.857,   1.400000,         1.857 

          1.500000,         1.714,   1.600000,         1.574 

          1.700000,         1.443,   1.800000,         1.323 

          1.900000,         1.214,   2.000000,         1.116 

          2.100000,         1.027,   2.200000,         0.947 

          2.300000,         0.876,   2.500000,         0.753 

          2.750000,         0.631,   3.000000,         0.536 

          3.250000,          0.46,   3.500000,         0.398 

          3.750000,         0.348,   4.000000,         0.306 

          4.250000,         0.272,   4.500000,         0.243 

          4.750000,         0.218,   5.000000,         0.197 

   FUNC=SASID(S)_ST3_Ext, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.214,   0.050000,         0.353 

          0.100000,         0.507,   0.150000,         0.694 

          0.200000,         0.917,   0.250000,          1.18 

          0.300000,         1.489,   0.350000,         1.847 

          0.400000,          2.26,   1.400000,          2.26 

          1.500000,         2.086,   1.600000,         1.916 

          1.700000,         1.757,   1.800000,          1.61 

          1.900000,         1.477,   2.000000,         1.358 

          2.100000,          1.25,   2.200000,         1.153 

          2.300000,         1.066,   2.500000,         0.917 

          2.750000,         0.768,   3.000000,         0.652 

          3.250000,         0.559,   3.500000,         0.484 

          3.750000,         0.423,   4.000000,         0.373 

          4.250000,         0.331,   4.500000,         0.295 

          4.750000,         0.265,   5.000000,         0.239 

   FUNC=PRODISIS_ST1_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.039,   0.050000,         0.113 
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          0.100000,         0.187,   0.600000,         0.187 

          0.700000,         0.174,   0.800000,         0.162 

          0.900000,         0.153,   1.000000,         0.145 

          1.100000,         0.138,   1.200000,         0.133 

          1.300000,         0.127,   1.400000,         0.123 

          1.500000,         0.119,   1.600000,         0.115 

          1.700000,         0.111,   1.800000,         0.108 

          1.900000,         0.105,   2.000000,         0.103 

          2.250000,         0.081,   2.500000,         0.064 

          2.750000,         0.051,   3.000000,         0.041 

          3.250000,         0.034,   3.500000,         0.028 

          3.750000,         0.024,   4.000000,          0.02 

          4.250000,         0.017,   4.500000,         0.015 

          4.750000,         0.013,   5.000000,         0.012 

   FUNC=PRODISIS_ST2_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.094,   0.050000,         0.199 

          0.100000,         0.303,   0.150000,         0.408 

          0.200000,         0.512,   1.400000,         0.512 

          1.500000,         0.489,   1.600000,         0.469 

          1.700000,          0.45,   1.800000,         0.433 

          1.900000,         0.418,   2.000000,         0.404 

          2.100000,         0.348,   2.200000,         0.302 

          2.300000,         0.264,   2.400000,         0.232 

          2.500000,         0.205,   2.600000,         0.182 

          2.700000,         0.163,   2.800000,         0.146 

          2.900000,         0.132,   3.000000,         0.119 

          3.250000,         0.094,   3.500000,         0.076 

          3.750000,         0.062,   4.000000,         0.052 

          4.250000,         0.044,   4.500000,         0.037 

          4.750000,         0.032,   5.000000,         0.027 

   FUNC=PRODISIS_ST3_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.106,   0.050000,         0.235 

          0.100000,         0.365,   0.150000,         0.494 

          0.200000,         0.623,   2.000000,         0.623 

          2.100000,         0.504,   2.200000,         0.412 

          2.300000,         0.341,   2.400000,         0.285 

          2.500000,         0.241,   2.600000,         0.205 

          2.700000,         0.176,   2.800000,         0.153 

          2.900000,         0.133,   3.000000,         0.116 

          3.100000,         0.102,   3.200000,         0.091 

          3.300000,         0.081,   3.400000,         0.072 

          3.500000,         0.065,   3.600000,         0.058 

          3.700000,         0.053,   3.800000,         0.048 

          3.900000,         0.043,   4.000000,          0.04 

          4.250000,         0.032,   4.500000,         0.026 

          4.750000,         0.022,   5.000000,         0.018 

   FUNC=SASID(N)_ST1_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.054,   0.050000,         0.067 

          0.100000,         0.083,   0.150000,         0.101 

          0.200000,         0.121,   0.250000,         0.144 

          0.300000,         0.169,   0.350000,         0.196 

          0.400000,         0.226,   1.300000,         0.226 

          1.400000,         0.207,   1.500000,         0.189 

          1.600000,         0.172,   1.700000,         0.157 

          1.800000,         0.143,   1.900000,         0.131 

          2.000000,          0.12,   2.100000,          0.11 

          2.250000,         0.097,   2.500000,          0.08 

          2.750000,         0.067,   3.000000,         0.057 

          3.250000,         0.048,   3.500000,         0.042 

          3.750000,         0.037,   4.000000,         0.032 

          4.250000,         0.029,   4.500000,         0.025 

          4.750000,         0.023,   5.000000,         0.021 

   FUNC=SASID(N)_ST2_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.13,   0.050000,         0.176 
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          0.100000,         0.229,   0.150000,         0.289 

          0.200000,         0.358,   0.250000,         0.433 

          0.300000,         0.516,   0.350000,         0.607 

          0.400000,         0.704,   1.300000,         0.704 

          1.400000,         0.646,   1.500000,         0.589 

          1.600000,         0.537,   1.700000,         0.489 

          1.800000,         0.446,   1.900000,         0.407 

          2.000000,         0.373,   2.100000,         0.342 

          2.250000,         0.302,   2.500000,         0.249 

          2.750000,         0.208,   3.000000,         0.176 

          3.250000,         0.151,   3.500000,         0.131 

          3.750000,         0.114,   4.000000,           0.1 

          4.250000,         0.089,   4.500000,         0.079 

          4.750000,         0.071,   5.000000,         0.064 

   FUNC=SASID(N)_ST3_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.146,   0.050000,         0.203 

          0.100000,         0.269,   0.150000,         0.345 

          0.200000,         0.429,   0.250000,         0.523 

          0.300000,         0.625,   0.350000,         0.737 

          0.400000,         0.857,   1.300000,         0.857 

          1.400000,         0.786,   1.500000,         0.717 

          1.600000,         0.653,   1.700000,         0.595 

          1.800000,         0.542,   1.900000,         0.495 

          2.000000,         0.454,   2.100000,         0.417 

          2.250000,         0.368,   2.500000,         0.303 

          2.750000,         0.253,   3.000000,         0.215 

          3.250000,         0.184,   3.500000,         0.159 

          3.750000,         0.139,   4.000000,         0.122 

          4.250000,         0.108,   4.500000,         0.097 

          4.750000,         0.087,   5.000000,         0.078 

   FUNC=SASID(S)_ST1_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.045,   0.050000,         0.055 

          0.100000,         0.068,   0.150000,         0.083 

          0.200000,         0.099,   0.250000,         0.118 

          0.300000,         0.138,   0.350000,          0.16 

          0.400000,         0.185,   1.400000,         0.185 

          1.500000,         0.171,   1.600000,         0.157 

          1.700000,         0.144,   1.800000,         0.132 

          1.900000,         0.121,   2.000000,         0.111 

          2.100000,         0.102,   2.200000,         0.094 

          2.300000,         0.087,   2.500000,         0.075 

          2.750000,         0.063,   3.000000,         0.053 

          3.250000,         0.046,   3.500000,          0.04 

          3.750000,         0.035,   4.000000,          0.03 

          4.250000,         0.027,   4.500000,         0.024 

          4.750000,         0.022,   5.000000,          0.02 

   FUNC=SASID(S)_ST2_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,         0.107,   0.050000,         0.145 

          0.100000,         0.189,   0.150000,         0.239 

          0.200000,         0.295,   0.250000,         0.357 

          0.300000,         0.425,   0.350000,           0.5 

          0.400000,          0.58,   1.400000,          0.58 

          1.500000,         0.536,   1.600000,         0.492 

          1.700000,         0.451,   1.800000,         0.413 

          1.900000,         0.379,   2.000000,         0.349 

          2.100000,         0.321,   2.200000,         0.296 

          2.300000,         0.274,   2.500000,         0.235 

          2.750000,         0.197,   3.000000,         0.167 

          3.250000,         0.144,   3.500000,         0.124 

          3.750000,         0.109,   4.000000,         0.096 

          4.250000,         0.085,   4.500000,         0.076 

          4.750000,         0.068,   5.000000,         0.061 

   FUNC=SASID(S)_ST3_Ser, 1, 0, 1, 9.806, 0.05, , 1.000000 

   USER 

          0.000000,          0.12,   0.050000,         0.167 
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          0.100000,         0.222,   0.150000,         0.284 

          0.200000,         0.354,   0.250000,         0.431 

          0.300000,         0.515,   0.350000,         0.607 

          0.400000,         0.706,   1.400000,         0.706 

          1.500000,         0.652,   1.600000,         0.599 

          1.700000,         0.549,   1.800000,         0.503 

          1.900000,         0.462,   2.000000,         0.424 

          2.100000,         0.391,   2.200000,          0.36 

          2.300000,         0.333,   2.500000,         0.287 

          2.750000,          0.24,   3.000000,         0.204 

          3.250000,         0.175,   3.500000,         0.151 

          3.750000,         0.132,   4.000000,         0.117 

          4.250000,         0.103,   4.500000,         0.092 

          4.750000,         0.083,   5.000000,         0.075 

 

*SPLDCASE    ; Spectrum Load Cases 

; NAME=NAME, DIR, ANGLE, SCALE, PMFT, bDAMP, bECC, INTERP, DESC,       ; line 1 

;      COMTYPE, bADDSIGN, iSIGNTYPE, bMODE                             ; line 2 

;      FUNC1, FUNC2, FUNC3, ...                                        ; line 3 

;      bUSE1, dFACTOR1, bUSE2, dFACTOR2, ..., bUSEn, dFACTORn          ; line 4 (bMODE=YES) 

;      bCDR, [DR-DC]                                                   ; line 5 (bDAMP=YES) 

; [DR-DC] : iMDTYPE, DALL, iMODE1, DAMPING1, iMODE2, DAMPING2, ...     ; iMDTYPE=1 

;         : iMDTYPE, iCOEF, bMASSP, MASSC, bSTIFFP, STIFFC             ; iMDTYPE=2, iCOEF=1 

;         : iMDTYPE, iCOEF, iCALC, bMASSP, FP1, DR1, bSTIFFP, FP2, DR2 ; iMDTYPE=2, iCOEF=2 

;         : iMDTYPE                                                    ; iMDTYPE=3 

   NAME=Sismo_X(1), XY, 0, 1, 1, NO, NO, LINEAR, Sismo_X(1) 

        CQC, NO, 0, YES 

        PRODISIS_ST1_Ext 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_Y(1), XY, 90, 1, 1, NO, NO, LINEAR, Sismo_Y(1) 

        CQC, NO, 0, YES 

        PRODISIS_ST1_Ext 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_X(2), XY, 0, 1, 1, NO, NO, LINEAR, Sismo_X(2) 

        CQC, NO, 0, YES 

        SASID(N)_ST1_Ext 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_Y(2), XY, 90, 1, 1, NO, NO, LINEAR, Sismo_Y(2) 

        CQC, NO, 0, YES 

        SASID(N)_ST1_Ext 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_X_Ser(1), XY, 0, 1, 1, NO, NO, LINEAR, Sismo_X_Ser(1) 

        CQC, NO, 0, YES 

        PRODISIS_ST1_Ser 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_Y_Ser(1), XY, 90, 1, 1, NO, NO, LINEAR, Sismo_Y_Ser(1) 

        CQC, NO, 0, YES 

        PRODISIS_ST1_Ser 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_X_Ser(2), XY, 0, 1, 1, NO, NO, LINEAR, Sismo_X_Ser(2) 

        CQC, NO, 0, YES 

        SASID(N)_ST1_Ser 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

   NAME=Sismo_Y_Ser(2), XY, 90, 1, 1, NO, NO, LINEAR, Sismo_Y_Ser(2) 

        CQC, NO, 0, YES 

        SASID(N)_ST1_Ser 

        YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1,YES, 1 

 

 

*STAGE-CTRL    ; Construction Stage Analysis Control Data 

; bLAST-FINAL, FINAL-STAGE, CPFC, bEXT_REPL, bCALC-CFF, bCALC-CSP, bAPPLY-IMF,                    \ ; line 

1 

; bCONV, bTRUSS, bBEAM, bITD, iITD, GROUP,                                                        \ ; line 

1 

; bSAVE-OCS, bLFFC, LFFGR, bCAMBER, bSELFCONS, bCHANGE-CABLE                                         ; 

line 1 

; bINC-NLA, iNLA-TYPE, bIEMF, iLSTEP, iMAXITER, bENEG, EV, bDISP, DV, bFORC, FV, CF, BSSTEP, ADSTEP  ; 

line 2 
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; bINC-PDL, iITER, TOL                                                                               ; 

line 3 

; bINC-TDE, bCNS, TYPE, iITER, TOL, bTTLE_CS, bRCE, bVAR, bTTLE_ES, iTTLE_ES, bAPPLY-ELA             ; 

line 4 

; bOUCC, bITS, iITS, bATS, iT10, iT100, iT1K, iT5K, iT10K                                            ; 

line 5 

; bSD, iSDOPT, SDCONST, iBSC, bSDLE, GLC1, GLC2, ...                                                 ; 

line 6 

; LTYPECC, EREC, LCNAME1, LCNAME2, LCNAME3, ...                                                      ; 

from line 7~end 

  YES, , INTERNAL, NO, NO, YES, NO, NO, NO, NO, NO, , , NO, NO, , NO, NO, NO 

  0  

  NO 

  YES, YES, BOTH, 5, 0.01, YES, NO, YES, YES, 0, NO 

  NO, NO, 2, YES, 2, 5, 7, 10, 20 

  NO, , , 1, NO 

  DW, DW, Barandilla y luminarias, Pavimento estructural 

  Pavimento no estructural 

 

*LOADCOMB    ; Combinations 

; NAME=NAME, KIND, ACTIVE, bES, iTYPE, DESC, iSERV-TYPE, nLCOMTYPE, nSEISTYPE   ; line 1 

;      ANAL1, LCNAME1, FACT1, ...                                               ; from line 2 

   NAME=DC, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        ST, Peso propio, 1, ST, Peso lastres, 1, ST, Pavimento estructural, 4 

   NAME=DC_0.90, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DC, 0.9 

   NAME=DC_1.00, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC, 1 

   NAME=DC_1.25, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DC, 1.25 

   NAME=DC_1.50, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DC, 1.5 

   NAME=DC_0.90/1.25, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, DC_0.90, 1, CBS, DC_1.25, 1 

   NAME=DC_0.90/1.50, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, DC_0.90, 1, CBS, DC_1.50, 1 

   NAME=DW, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        ST, Pavimento no estructural, 1.65, ST, Barandilla y luminarias, 1 

   NAME=DW_0.65, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DW, 0.65 

   NAME=DW_1.00, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DW, 1 

   NAME=DW_1.50, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, DW, 1.5 

   NAME=DW_0.65/1.50, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, DW_0.65, 1, CBS, DW_1.50, 1 

   NAME=PL_max_aux, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        ST, PL01d_ext, 4.3, ST, PL01i_ext, 4.3, ST, PL01d_int, 4.3 

        ST, PL01i_int, 4.3, ST, PL02d_ext, 4.3, ST, PL02i_ext, 4.3 

        ST, PL02d_int, 4.3, ST, PL02i_int, 4.3, ST, PL03d_ext, 4.3 

        ST, PL03i_ext, 4.3, ST, PL03d_int, 4.3, ST, PL03i_int, 4.3 

        ST, PL04d_ext, 4.3, ST, PL04i_ext, 4.3, ST, PL04d_int, 4.3 

        ST, PL04i_int, 4.3, ST, PL05d_ext, 4.3, ST, PL05i_ext, 4.3 

        ST, PL05d_int, 4.3, ST, PL05i_int, 4.3, ST, PL06d_ext, 4.3 

        ST, PL06i_ext, 4.3, ST, PL06d_int, 4.3, ST, PL06i_int, 4.3 

        ST, PL07d_ext, 4.3, ST, PL07i_ext, 4.3, ST, PL07d_int, 4.3 

        ST, PL07i_int, 4.3, ST, PL08d_ext, 4.3, ST, PL08i_ext, 4.3 

        ST, PL08d_int, 4.3, ST, PL08i_int, 4.3, ST, PL09d_ext, 4.3 

        ST, PL09i_ext, 4.3, ST, PL09d_int, 4.3, ST, PL09i_int, 4.3 

        ST, PL10d_ext, 4.3, ST, PL10i_ext, 4.3, ST, PL10d_int, 4.3 

        ST, PL10i_int, 4.3 

   NAME=PL01d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01d_ext, 1, ST, Aux, 0.0001 

   NAME=PL01i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01i_ext, 1, ST, Aux, 0.0001 

   NAME=PL01d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01d_int, 1, ST, Aux, 0.0001 

   NAME=PL01i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 
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        ST, PL01i_int, 1, ST, Aux, 0.0001 

   NAME=PL01, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL01d-ext_, 1, CBS, PL01i-ext_, 1, CBS, PL01d-int_, 1 

        CBS, PL01i-int_, 1 

   NAME=PL02d-ext, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02d_ext, 1, ST, Aux, 0.0001 

   NAME=PL02i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02i_ext, 1, ST, Aux, 0.0001 

   NAME=PL02d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02d_int, 1, ST, Aux, 0.0001 

   NAME=PL02i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02i_int, 1, ST, Aux, 0.0001 

   NAME=PL02, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL02d-ext, 1, CBS, PL02i-ext_, 1, CBS, PL02d-int_, 1 

        CBS, PL02i-int_, 1 

   NAME=PL03d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03d_ext, 1, ST, Aux, 0.0001 

   NAME=PL03i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03i_ext, 1, ST, Aux, 0.0001 

   NAME=PL03d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03d_int, 1, ST, Aux, 0.0001 

   NAME=PL03i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03i_int, 1, ST, Aux, 0.0001 

   NAME=PL03, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL03d-ext_, 1, CBS, PL03i-ext_, 1, CBS, PL03d-int_, 1 

        CBS, PL03i-int_, 1 

   NAME=PL04d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04d_ext, 1, ST, Aux, 0.0001 

   NAME=PL04i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04i_ext, 1, ST, Aux, 0.0001 

   NAME=PL04d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04d_int, 1, ST, Aux, 0.0001 

   NAME=PL04i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04i_int, 1, ST, Aux, 0.0001 

   NAME=PL04, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL04d-ext_, 1, CBS, PL04i-ext_, 1, CBS, PL04d-int_, 1 

        CBS, PL04i-int_, 1 

   NAME=PL05d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05d_ext, 1, ST, Aux, 0.0001 

   NAME=PL05i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05i_ext, 1, ST, Aux, 0.0001 

   NAME=PL05d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05d_int, 1, ST, Aux, 0.0001 

   NAME=PL05i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05i_int, 1, ST, Aux, 0.0001 

   NAME=PL05, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL05d-ext_, 1, CBS, PL05i-ext_, 1, CBS, PL05d-int_, 1 

        CBS, PL05i-int_, 1 

   NAME=PL06d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06d_ext, 1, ST, Aux, 0.0001 

   NAME=PL06i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06i_ext, 1, ST, Aux, 0.0001 

   NAME=PL06d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06d_int, 1, ST, Aux, 0.0001 

   NAME=PL06i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06i_int, 1, ST, Aux, 0.0001 

   NAME=PL06, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL06d-ext_, 1, CBS, PL06i-ext_, 1, CBS, PL06d-int_, 1 

        CBS, PL06i-int_, 1 

   NAME=PL07d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07d_ext, 1, ST, Aux, 0.0001 

   NAME=PL07i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07i_ext, 1, ST, Aux, 0.0001 

   NAME=PL07d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07d_int, 1, ST, Aux, 0.0001 

   NAME=PL07i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07i_int, 1, ST, Aux, 0.0001 

   NAME=PL07, STEEL, INACTIVE, 0, 0, , 0, 0, 0 
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        CBS, PL07d-ext_, 1, CBS, PL07i-ext_, 1, CBS, PL07d-int_, 1 

        CBS, PL07i-int_, 1 

   NAME=PL08d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08d_ext, 1, ST, Aux, 0.0001 

   NAME=PL08i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08i_ext, 1, ST, Aux, 0.0001 

   NAME=PL08d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08d_int, 1, ST, Aux, 0.0001 

   NAME=PL08i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08i_int, 1, ST, Aux, 0.0001 

   NAME=PL08, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL08d-ext_, 1, CBS, PL08i-ext_, 1, CBS, PL08d-int_, 1 

        CBS, PL08i-int_, 1 

   NAME=PL09d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09d_ext, 1, ST, Aux, 0.0001 

   NAME=PL09i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09i_ext, 1, ST, Aux, 0.0001 

   NAME=PL09d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09d_int, 1, ST, Aux, 0.0001 

   NAME=PL09i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09i_int, 1, ST, Aux, 0.0001 

   NAME=PL09, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL09d-ext_, 1, CBS, PL09i-ext_, 1, CBS, PL09d-int_, 1 

        CBS, PL09i-int_, 1 

   NAME=PL10d-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10d_ext, 1, ST, Aux, 0.0001 

   NAME=PL10i-ext_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10i_ext, 1, ST, Aux, 0.0001 

   NAME=PL10d-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10d_int, 1, ST, Aux, 0.0001 

   NAME=PL10i-int_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10i_int, 1, ST, Aux, 0.0001 

   NAME=PL10, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL10d-ext_, 1, CBS, PL10i-ext_, 1, CBS, PL10d-int_, 1 

        CBS, PL10i-int_, 1 

   NAME=PL_ENV, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, PL01, 1, CBS, PL02, 1, CBS, PL03, 1, CBS, PL04, 1, CBS, PL05, 1 

        CBS, PL06, 1, CBS, PL07, 1, CBS, PL08, 1, CBS, PL09, 1, CBS, PL10, 1 

   NAME=PL_AASHTO, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, PL_ENV, 4.3 

   NAME=PL_Extreme, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, PL_ENV, 7.19 

   NAME=TU_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        ST, TU+, 1, ST, TU-, 1 

   NAME=TG-_CB, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        ST, TG+, -0.5 

   NAME=TG_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        ST, TG+, 1, CBS, TG-_CB, 1 

   NAME=EQ_1 X+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(1), 1 

   NAME=EQ_1 X-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(1), -1 

   NAME=EQ_1 Y+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(1), 1 

   NAME=EQ_1 Y-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(1), -1 

   NAME=EQ_1 X env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_1 X+, 1, CBS, EQ_1 X-, 1 

   NAME=EQ_1 Y env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_1 Y+, 1, CBS, EQ_1 Y-, 1 

   NAME=EQ_1 1.0X/0.3Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_1 X env, 1, CBS, EQ_1 Y env, 0.3 

   NAME=EQ_1 0.3X/1.0Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_1 X env, 0.3, CBS, EQ_1 Y env, 1 

   NAME=EQ_1_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_1 1.0X/0.3Y, 1, CBS, EQ_1 0.3X/1.0Y, 1 

   NAME=EQ_2 X+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(2), 1 
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   NAME=EQ_2 X-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(2), -1 

   NAME=EQ_2 Y+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(2), 1 

   NAME=EQ_2 Y-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(2), -1 

   NAME=EQ_2 X env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_2 X+, 1, CBS, EQ_2 X-, 1 

   NAME=EQ_2 Y env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_2 Y+, 1, CBS, EQ_2 Y-, 1 

   NAME=EQ_2 1.0X/0.3Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_2 X env, 1, CBS, EQ_2 Y env, 0.3 

   NAME=EQ_2 0.3X/1.0Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_2 X env, 0.3, CBS, EQ_2 Y env, 1 

   NAME=EQ_2_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_2 1.0X/0.3Y, 1, CBS, EQ_2 0.3X/1.0Y, 1 

   NAME=EQ_1.0X/0.3Y_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_1 1.0X/0.3Y, 1, CBS, EQ_2 1.0X/0.3Y, 1 

   NAME=EQ_0.3X/1.0Y_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_1 0.3X/1.0Y, 1, CBS, EQ_2 0.3X/1.0Y, 1 

   NAME=EQ_ENV, STEEL, STRENGTH, 0, 1, , 0, 0, 0 

        CBS, EQ_1_ENV, 1, CBS, EQ_2_ENV, 1 

   NAME=EQ_Ser_1 X+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(1), 1 

   NAME=EQ_Ser_1 X-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(1), -1 

   NAME=EQ_Ser_1 Y+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(1), 1 

   NAME=EQ_Ser_1 Y-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(1), -1 

   NAME=EQ_Ser_1 X env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1 X+, 1, CBS, EQ_Ser_1 X-, 1 

   NAME=EQ_Ser_1 Y env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1 Y+, 1, CBS, EQ_Ser_1 Y-, 1 

   NAME=EQ_Ser_1 1.0X/0.3Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_Ser_1 X env, 1, CBS, EQ_Ser_1 Y env, 0.3 

   NAME=EQ_Ser_1 0.3X/1.0Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_Ser_1 X env, 0.3, CBS, EQ_Ser_1 Y env, 1 

   NAME=EQ_Ser_1_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1 1.0X/0.3Y, 1, CBS, EQ_Ser_1 0.3X/1.0Y, 1 

   NAME=EQ_Ser_2 X+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(2), 1 

   NAME=EQ_Ser_2 X-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(2), -1 

   NAME=EQ_Ser_2 Y+, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(2), 1 

   NAME=EQ_Ser_2 Y-, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(2), -1 

   NAME=EQ_Ser_2 X env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_2 X+, 1, CBS, EQ_Ser_2 X-, 1 

   NAME=EQ_Ser_2 Y env, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_2 Y+, 1, CBS, EQ_Ser_2 Y-, 1 

   NAME=EQ_Ser_2 1.0X/0.3Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_Ser_2 X env, 1, CBS, EQ_Ser_2 Y env, 0.3 

   NAME=EQ_Ser_2 0.3X/1.0Y, STEEL, INACTIVE, 0, 0, , 0, 0, 0 

        CBS, EQ_Ser_2 X env, 0.3, CBS, EQ_Ser_2 Y env, 1 

   NAME=EQ_Ser_2_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_2 1.0X/0.3Y, 1, CBS, EQ_Ser_2 0.3X/1.0Y, 1 

   NAME=EQ_Ser_1.0X/0.3Y, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1 1.0X/0.3Y, 1, CBS, EQ_Ser_2 1.0X/0.3Y, 1 

   NAME=EQ_Ser_0.3X/1.0Y, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1 0.3X/1.0Y, 1, CBS, EQ_Ser_2 0.3X/1.0Y, 1 

   NAME=EQ_Ser_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EQ_Ser_1_ENV, 1, CBS, EQ_Ser_2_ENV, 1 

   NAME=WS+X_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+X, 1, ST, Aux, 0.0001 

   NAME=WS-X_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-X, 1, ST, Aux, 0.0001 
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   NAME=WS+Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Y, 1, ST, Aux, 0.0001 

   NAME=WS-Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Y, 1, ST, Aux, 0.0001 

   NAME=WS+Z+Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Z+Y, 1, ST, Aux, 0.0001 

   NAME=WS-Z+Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Z+Y, 1, ST, Aux, 0.0001 

   NAME=WS+Z-Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Z-Y, 1, ST, Aux, 0.0001 

   NAME=WS-Z-Y_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Z-Y, 1, ST, Aux, 0.0001 

   NAME=WS+Y+Z, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, WS+Y_, 1, CBS, WS+Z+Y_, 1 

   NAME=WS+Y-Z, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, WS+Y_, 1, CBS, WS-Z+Y_, 1 

   NAME=WS-Y+Z, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, WS-Y_, 1, CBS, WS+Z-Y_, 1 

   NAME=WS-Y-Z, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        CBS, WS-Y_, 1, CBS, WS-Z-Y_, 1 

   NAME=WS_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, WS+X_, 1, CBS, WS-X_, 1, CBS, WS+Y+Z, 1, CBS, WS+Y-Z, 1 

        CBS, WS-Y+Z, 1, CBS, WS-Y-Z, 1 

   NAME=SE01a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE01a, 1, ST, Aux, 0.0001 

   NAME=SE01b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE01b, 1, ST, Aux, 0.0001 

   NAME=SE02a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE02a, 1, ST, Aux, 0.0001 

   NAME=SE02b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE02b, 1, ST, Aux, 0.0001 

   NAME=SE03a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE03a, 1, ST, Aux, 0.0001 

   NAME=SE03b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE03b, 1, ST, Aux, 0.0001 

   NAME=SE04a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE04a, 1, ST, Aux, 0.0001 

   NAME=SE04b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE04b, 1, ST, Aux, 0.0001 

   NAME=SE05a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE05a, 1, ST, Aux, 0.0001 

   NAME=SE05b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE05b, 1, ST, Aux, 0.0001 

   NAME=SE06a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE06a, 1, ST, Aux, 0.0001 

   NAME=SE06b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE06b, 1, ST, Aux, 0.0001 

   NAME=SE07a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE07a, 1, ST, Aux, 0.0001 

   NAME=SE07b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE07b, 1, ST, Aux, 0.0001 

   NAME=SE08a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE08a, 1, ST, Aux, 0.0001 

   NAME=SE08b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE08b, 1, ST, Aux, 0.0001 

   NAME=SE09a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE09a, 1, ST, Aux, 0.0001 

   NAME=SE09b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE09b, 1, ST, Aux, 0.0001 

   NAME=SE10a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE10a, 1, ST, Aux, 0.0001 

   NAME=SE10b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE10b, 1, ST, Aux, 0.0001 

   NAME=SE11a_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE11a, 1, ST, Aux, 0.0001 

   NAME=SE11b_, STEEL, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE11b, 1, ST, Aux, 0.0001 

   NAME=SE_ENV, STEEL, SERVICE, 0, 0, , 0, 0, 0 
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        CBS, SE01a_, 1, CBS, SE01b_, 1, CBS, SE02a_, 1, CBS, SE02b_, 1 

        CBS, SE03a_, 1, CBS, SE03b_, 1, CBS, SE04a_, 1, CBS, SE04b_, 1 

        CBS, SE05a_, 1, CBS, SE05b_, 1, CBS, SE06a_, 1, CBS, SE06b_, 1 

        CBS, SE07a_, 1, CBS, SE07b_, 1, CBS, SE08a_, 1, CBS, SE08b_, 1 

        CBS, SE09a_, 1, CBS, SE09b_, 1, CBS, SE10a_, 1, CBS, SE10b_, 1 

        CBS, SE11a_, 1, CBS, SE11b_, 1 

   NAME=STR_1, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, PL_AASHTO, 1.75 

        CBS, TU_ENV, 1.2, CBS, TG_ENV, 0.5, CBS, SE_ENV, 1 

   NAME=STR_3, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, TU_ENV, 1.2 

        CBS, WS_ENV, 1.4, CBS, TG_ENV, 0.5, CBS, SE_ENV, 1 

   NAME=STR_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, STR_1, 1, CBS, STR_3, 1 

   NAME=EXT_1-1, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, PL_AASHTO, 1 

        CBS, EQ_1.0X/0.3Y_ENV, 1 

   NAME=EXT_1-2, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, PL_AASHTO, 1 

        CBS, EQ_0.3X/1.0Y_ENV, 1 

   NAME=EXT_3, STEEL, STRENGTH, 0, 0, , 0, 0, 0 

        CBS, DC_0.90/1.25, 1, CBS, DW_0.65/1.50, 1, CBS, PL_Extreme, 1 

   NAME=EXT_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, EXT_1-1, 1, CBS, EXT_1-2, 1, CBS, EXT_3, 1 

   NAME=SER_1, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AASHTO, 1, CBS, TU_ENV, 1.2 

        CBS, WS_ENV, 0.3, CBS, TG_ENV, 0.5, CBS, SE_ENV, 1 

   NAME=SER_2, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AASHTO, 1.3, CBS, TU_ENV, 1.2 

   NAME=SER_3, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AASHTO, 1, CBS, TU_ENV, 1.2 

        CBS, TG_ENV, 0.5, CBS, SE_ENV, 1 

   NAME=SER_4, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, TU_ENV, 1.2, CBS, WS_ENV, 0.7 

        CBS, SE_ENV, 1 

   NAME=SER_Sismo-1, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AASHTO, 1 

        CBS, EQ_Ser_1.0X/0.3Y, 1 

   NAME=SER_Sismo-2, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1, CBS, PL_AASHTO, 1 

        CBS, EQ_Ser_0.3X/1.0Y, 1 

   NAME=SER_ENV, STEEL, SERVICE, 0, 1, , 0, 0, 0 

        CBS, SER_1, 1, CBS, SER_2, 1, CBS, SER_3, 1, CBS, SER_4, 1 

        CBS, SER_Sismo-1, 1, CBS, SER_Sismo-2, 1 

   NAME=Permanentes, STEEL, SERVICE, 0, 0, , 0, 0, 0 

        CBS, DC_1.00, 1, CBS, DW_1.00, 1 

   NAME=DC, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        ST, Peso propio, 1, ST, Peso lastres, 1, ST, Pavimento estructural, 4 

   NAME=DC_0.90, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DC, 0.9 

   NAME=DC_1.00, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC, 1 

   NAME=DC_1.25, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DC, 1.25 

   NAME=DC_1.50, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DC, 1.5 

   NAME=DC_0.90/1.25, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, DC_0.90, 1, CBC, DC_1.25, 1 

   NAME=DC_0.90/1.50, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, DC_0.90, 1, CBC, DC_1.50, 1 

   NAME=DW, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        ST, Pavimento no estructural, 1.65, ST, Barandilla y luminarias, 1 

   NAME=DW_0.65, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DW, 0.65 

   NAME=DW_1.00, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DW, 1 

   NAME=DW_1.50, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, DW, 1.5 
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   NAME=DW_0.65/1.50, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, DW_0.65, 1, CBC, DW_1.50, 1 

   NAME=PL_max_aux, CONC, SERVICE, 0, 0, , 0, 0, 0 

        ST, PL01d_ext, 4.3, ST, PL01i_ext, 4.3, ST, PL01d_int, 4.3 

        ST, PL01i_int, 4.3, ST, PL02d_ext, 4.3, ST, PL02i_ext, 4.3 

        ST, PL02d_int, 4.3, ST, PL02i_int, 4.3, ST, PL03d_ext, 4.3 

        ST, PL03i_ext, 4.3, ST, PL03d_int, 4.3, ST, PL03i_int, 4.3 

        ST, PL04d_ext, 4.3, ST, PL04i_ext, 4.3, ST, PL04d_int, 4.3 

        ST, PL04i_int, 4.3, ST, PL05d_ext, 4.3, ST, PL05i_ext, 4.3 

        ST, PL05d_int, 4.3, ST, PL05i_int, 4.3, ST, PL06d_ext, 4.3 

        ST, PL06i_ext, 4.3, ST, PL06d_int, 4.3, ST, PL06i_int, 4.3 

        ST, PL07d_ext, 4.3, ST, PL07i_ext, 4.3, ST, PL07d_int, 4.3 

        ST, PL07i_int, 4.3, ST, PL08d_ext, 4.3, ST, PL08i_ext, 4.3 

        ST, PL08d_int, 4.3, ST, PL08i_int, 4.3, ST, PL09d_ext, 4.3 

        ST, PL09i_ext, 4.3, ST, PL09d_int, 4.3, ST, PL09i_int, 4.3 

        ST, PL10d_ext, 4.3, ST, PL10i_ext, 4.3, ST, PL10d_int, 4.3 

        ST, PL10i_int, 4.3 

   NAME=PL01d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01d_ext, 1, ST, Aux, 0.0001 

   NAME=PL01i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01i_ext, 1, ST, Aux, 0.0001 

   NAME=PL01d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01d_int, 1, ST, Aux, 0.0001 

   NAME=PL01i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL01i_int, 1, ST, Aux, 0.0001 

   NAME=PL01, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, PL01d-ext_, 1, CBC, PL01i-ext_, 1, CBC, PL01d-int_, 1 

        CBC, PL01i-int_, 1 

   NAME=PL02d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02d_ext, 1, ST, Aux, 0.0001 

   NAME=PL02i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02i_ext, 1, ST, Aux, 0.0001 

   NAME=PL02d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02d_int, 1, ST, Aux, 0.0001 

   NAME=PL02i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL02i_int, 1, ST, Aux, 0.0001 

   NAME=PL02, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL02d-ext_, 1, CBC, PL02i-ext_, 1, CBC, PL02d-int_, 1 

        CBC, PL02i-int_, 1 

   NAME=PL03d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03d_ext, 1, ST, Aux, 0.0001 

   NAME=PL03i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03i_ext, 1, ST, Aux, 0.0001 

   NAME=PL03d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03d_int, 1, ST, Aux, 0.0001 

   NAME=PL03i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL03i_int, 1, ST, Aux, 0.0001 

   NAME=PL03, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL03d-ext_, 1, CBC, PL03i-ext_, 1, CBC, PL03d-int_, 1 

        CBC, PL03i-int_, 1 

   NAME=PL04d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04d_ext, 1, ST, Aux, 0.0001 

   NAME=PL04i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04i_ext, 1, ST, Aux, 0.0001 

   NAME=PL04d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04d_int, 1, ST, Aux, 0.0001 

   NAME=PL04i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL04i_int, 1, ST, Aux, 0.0001 

   NAME=PL04, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL04d-ext_, 1, CBC, PL04i-ext_, 1, CBC, PL04d-int_, 1 

        CBC, PL04i-int_, 1 

   NAME=PL05d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05d_ext, 1, ST, Aux, 0.0001 

   NAME=PL05i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05i_ext, 1, ST, Aux, 0.0001 

   NAME=PL05d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL05d_int, 1, ST, Aux, 0.0001 

   NAME=PL05i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 
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        ST, PL05i_int, 1, ST, Aux, 0.0001 

   NAME=PL05, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL05d-ext_, 1, CBC, PL05i-ext_, 1, CBC, PL05d-int_, 1 

        CBC, PL05i-int_, 1 

   NAME=PL06d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06d_ext, 1, ST, Aux, 0.0001 

   NAME=PL06i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06i_ext, 1, ST, Aux, 0.0001 

   NAME=PL06d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06d_int, 1, ST, Aux, 0.0001 

   NAME=PL06i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL06i_int, 1, ST, Aux, 0.0001 

   NAME=PL06, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL06d-ext_, 1, CBC, PL06i-ext_, 1, CBC, PL06d-int_, 1 

        CBC, PL06i-int_, 1 

   NAME=PL07d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07d_ext, 1, ST, Aux, 0.0001 

   NAME=PL07i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07i_ext, 1, ST, Aux, 0.0001 

   NAME=PL07d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07d_int, 1, ST, Aux, 0.0001 

   NAME=PL07i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL07i_int, 1, ST, Aux, 0.0001 

   NAME=PL07, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL07d-ext_, 1, CBC, PL07i-ext_, 1, CBC, PL07d-int_, 1 

        CBC, PL07i-int_, 1 

   NAME=PL08d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08d_ext, 1, ST, Aux, 0.0001 

   NAME=PL08i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08i_ext, 1, ST, Aux, 0.0001 

   NAME=PL08d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08d_int, 1, ST, Aux, 0.0001 

   NAME=PL08i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL08i_int, 1, ST, Aux, 0.0001 

   NAME=PL08, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL08d-ext_, 1, CBC, PL08i-ext_, 1, CBC, PL08d-int_, 1 

        CBC, PL08i-int_, 1 

   NAME=PL09d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09d_ext, 1, ST, Aux, 0.0001 

   NAME=PL09i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09i_ext, 1, ST, Aux, 0.0001 

   NAME=PL09d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09d_int, 1, ST, Aux, 0.0001 

   NAME=PL09i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL09i_int, 1, ST, Aux, 0.0001 

   NAME=PL09, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL09d-ext_, 1, CBC, PL09i-ext_, 1, CBC, PL09d-int_, 1 

        CBC, PL09i-int_, 1 

   NAME=PL10d-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10d_ext, 1, ST, Aux, 0.0001 

   NAME=PL10i-ext_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10i_ext, 1, ST, Aux, 0.0001 

   NAME=PL10d-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10d_int, 1, ST, Aux, 0.0001 

   NAME=PL10i-int_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, PL10i_int, 1, ST, Aux, 0.0001 

   NAME=PL10, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL10d-ext_, 1, CBC, PL10i-ext_, 1, CBC, PL10d-int_, 1 

        CBC, PL10i-int_, 1 

   NAME=PL_ENV, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, PL01, 1, CBC, PL02, 1, CBC, PL03, 1, CBC, PL04, 1, CBC, PL05, 1 

        CBC, PL06, 1, CBC, PL07, 1, CBC, PL08, 1, CBC, PL09, 1, CBC, PL10, 1 

   NAME=PL_AAHSTO, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, PL_ENV, 4.3 

   NAME=PL_Extreme, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, PL_ENV, 7.19 

   NAME=TU_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        ST, TU+, 1, ST, TU-, 1 
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   NAME=TG-_CB, CONC, SERVICE, 0, 0, , 0, 0, 0 

        ST, TG+, -0.5 

   NAME=TG_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        ST, TG+, 1, CBC, TG-_CB, 1 

   NAME=EQ_1 X+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(1), 1 

   NAME=EQ_1 X-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(1), -1 

   NAME=EQ_1 Y+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(1), 1 

   NAME=EQ_1 Y-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(1), -1 

   NAME=EQ_1 X env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_1 X+, 1, CBC, EQ_1 X-, 1 

   NAME=EQ_1 Y env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_1 Y+, 1, CBC, EQ_1 Y-, 1 

   NAME=EQ_1 1.0X/0.3Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_1 X env, 1, CBC, EQ_1 Y env, 0.3 

   NAME=EQ_1 0.3X/1.0Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_1 X env, 0.3, CBC, EQ_1 Y env, 1 

   NAME=EQ_1_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_1 1.0X/0.3Y, 1, CBC, EQ_1 0.3X/1.0Y, 1 

   NAME=EQ_2 X+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(2), 1 

   NAME=EQ_2 X-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X(2), -1 

   NAME=EQ_2 Y+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(2), 1 

   NAME=EQ_2 Y-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y(2), -1 

   NAME=EQ_2 X env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_2 X+, 1, CBC, EQ_2 X-, 1 

   NAME=EQ_2 Y env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_2 Y+, 1, CBC, EQ_2 Y-, 1 

   NAME=EQ_2 1.0X/0.3Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_2 X env, 1, CBC, EQ_2 Y env, 0.3 

   NAME=EQ_2 0.3X/1.0Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_2 X env, 0.3, CBC, EQ_2 Y env, 1 

   NAME=EQ_2_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_2 1.0X/0.3Y, 1, CBC, EQ_2 0.3X/1.0Y, 1 

   NAME=EQ_1.0X/0.3Y_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_1 1.0X/0.3Y, 1, CBC, EQ_2 1.0X/0.3Y, 1 

   NAME=EQ_0.3X/1.0Y_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_1 0.3X/1.0Y, 1, CBC, EQ_2 0.3X/1.0Y, 1 

   NAME=EQ_ENV, CONC, STRENGTH, 0, 1, , 0, 0, 0 

        CBC, EQ_1_ENV, 1, CBC, EQ_2_ENV, 1 

   NAME=EQ_Ser_1 X+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(1), 1 

   NAME=EQ_Ser_1 X-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(1), -1 

   NAME=EQ_Ser_1 Y+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(1), 1 

   NAME=EQ_Ser_1 Y-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(1), -1 

   NAME=EQ_Ser_1 X env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 X+, 1, CBC, EQ_Ser_1 X-, 1 

   NAME=EQ_Ser_1 Y env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 Y+, 1, CBC, EQ_Ser_1 Y-, 1 

   NAME=EQ_Ser_1 1.0X/0.3Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_Ser_1 X env, 1, CBC, EQ_Ser_1 Y env, 0.3 

   NAME=EQ_Ser_1 0.3X/1.0Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_Ser_1 X env, 0.3, CBC, EQ_Ser_1 Y env, 1 

   NAME=EQ_Ser_1_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 1.0X/0.3Y, 1, CBC, EQ_Ser_1 0.3X/1.0Y, 1 

   NAME=EQ_Ser_2 X+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(2), 1 

   NAME=EQ_Ser_2 X-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_X_Ser(2), -1 
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   NAME=EQ_Ser_2 Y+, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(2), 1 

   NAME=EQ_Ser_2 Y-, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        RS, Sismo_Y_Ser(2), -1 

   NAME=EQ_Ser_2 X env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_2 X+, 1, CBC, EQ_Ser_2 X-, 1 

   NAME=EQ_Ser_2 Y env, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_2 Y+, 1, CBC, EQ_Ser_2 Y-, 1 

   NAME=EQ_Ser_2 1.0X/0.3Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_Ser_2 X env, 1, CBC, EQ_Ser_2 Y env, 0.3 

   NAME=EQ_Ser_2 0.3X/1.0Y, CONC, INACTIVE, 0, 0, , 0, 0, 0 

        CBC, EQ_Ser_2 X env, 0.3, CBC, EQ_Ser_2 Y env, 1 

   NAME=EQ_Ser_2_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_2 1.0X/0.3Y, 1, CBC, EQ_Ser_2 0.3X/1.0Y, 1 

   NAME=EQ_Ser_1.0X/0.3Y, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 1.0X/0.3Y, 1, CBC, EQ_Ser_2 1.0X/0.3Y, 1 

   NAME=EQ_Ser_0.3X/1.0Y, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1 0.3X/1.0Y, 1, CBC, EQ_Ser_2 0.3X/1.0Y, 1 

   NAME=EQ_Ser_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EQ_Ser_1_ENV, 1, CBC, EQ_Ser_2_ENV, 1 

   NAME=WS+X_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+X, 1, ST, Aux, 0.0001 

   NAME=WS-X_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-X, 1, ST, Aux, 0.0001 

   NAME=WS+Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Y, 1, ST, Aux, 0.0001 

   NAME=WS-Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Y, 1, ST, Aux, 0.0001 

   NAME=WS+Z+Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Z+Y, 1, ST, Aux, 0.0001 

   NAME=WS-Z+Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Z+Y, 1, ST, Aux, 0.0001 

   NAME=WS+Z-Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS+Z-Y, 1, ST, Aux, 0.0001 

   NAME=WS-Z-Y_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, WS-Z-Y, 1, ST, Aux, 0.0001 

   NAME=WS+Y+Z, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, WS+Y_, 1, CBC, WS+Z+Y_, 1 

   NAME=WS+Y-Z, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, WS+Y_, 1, CBC, WS-Z+Y_, 1 

   NAME=WS-Y+Z, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, WS-Y_, 1, CBC, WS+Z-Y_, 1 

   NAME=WS-Y-Z, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        CBC, WS-Y_, 1, CBC, WS-Z-Y_, 1 

   NAME=WS_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, WS+X_, 1, CBC, WS-X_, 1, CBC, WS+Y+Z, 1, CBC, WS+Y-Z, 1 

        CBC, WS-Y+Z, 1, CBC, WS-Y-Z, 1 

   NAME=SE01a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE01a, 1, ST, Aux, 0.0001 

   NAME=SE01b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE01b, 1, ST, Aux, 0.0001 

   NAME=SE02a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE02a, 1, ST, Aux, 0.0001 

   NAME=SE02b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE02b, 1, ST, Aux, 0.0001 

   NAME=SE03a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE03a, 1, ST, Aux, 0.0001 

   NAME=SE03b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE03b, 1, ST, Aux, 0.0001 

   NAME=SE04a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE04a, 1, ST, Aux, 0.0001 

   NAME=SE04b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE04b, 1, ST, Aux, 0.0001 

   NAME=SE05a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE05a, 1, ST, Aux, 0.0001 

   NAME=SE05b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE05b, 1, ST, Aux, 0.0001 

   NAME=SE06a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 
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        ST, SE06a, 1, ST, Aux, 0.0001 

   NAME=SE06b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE06b, 1, ST, Aux, 0.0001 

   NAME=SE07a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE07a, 1, ST, Aux, 0.0001 

   NAME=SE07b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE07b, 1, ST, Aux, 0.0001 

   NAME=SE08a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE08a, 1, ST, Aux, 0.0001 

   NAME=SE08b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE08b, 1, ST, Aux, 0.0001 

   NAME=SE09a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE09a, 1, ST, Aux, 0.0001 

   NAME=SE09b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE09b, 1, ST, Aux, 0.0001 

   NAME=SE10a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE10a, 1, ST, Aux, 0.0001 

   NAME=SE10b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE10b, 1, ST, Aux, 0.0001 

   NAME=SE11a_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE11a, 1, ST, Aux, 0.0001 

   NAME=SE11b_, CONC, INACTIVE, 0, 1, , 0, 0, 0 

        ST, SE11b, 1, ST, Aux, 0.0001 

   NAME=SE_ENV, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, SE01a_, 1, CBC, SE01b_, 1, CBC, SE02a_, 1, CBC, SE02b_, 1 

        CBC, SE03a_, 1, CBC, SE03b_, 1, CBC, SE04a_, 1, CBC, SE04b_, 1 

        CBC, SE05a_, 1, CBC, SE05b_, 1, CBC, SE06a_, 1, CBC, SE06b_, 1 

        CBC, SE07a_, 1, CBC, SE07b_, 1, CBC, SE08a_, 1, CBC, SE08b_, 1 

        CBC, SE09a_, 1, CBC, SE09b_, 1, CBC, SE10a_, 1, CBC, SE10b_, 1 

        CBC, SE11a_, 1, CBC, SE11b_, 1 

   NAME=STR_1, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, PL_AAHSTO, 1.75 

        CBC, TU_ENV, 1.2, CBC, TG_ENV, 0.5, CBC, SE_ENV, 1 

   NAME=STR_3, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, TU_ENV, 1.2 

        CBC, WS_ENV, 1.4, CBC, TG_ENV, 0.5, CBC, SE_ENV, 1 

   NAME=STR_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, STR_1, 1, CBC, STR_3, 1 

   NAME=EXT_1-1, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, PL_AAHSTO, 1 

        CBC, EQ_1.0X/0.3Y_ENV, 1 

   NAME=EXT_1-2, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, PL_AAHSTO, 1 

        CBC, EQ_0.3X/1.0Y_ENV, 1 

   NAME=EXT_3, CONC, STRENGTH, 0, 0, , 0, 0, 0 

        CBC, DC_0.90/1.25, 1, CBC, DW_0.65/1.50, 1, CBC, PL_Extreme, 1 

   NAME=EXT_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, EXT_1-1, 1, CBC, EXT_1-2, 1, CBC, EXT_3, 1 

   NAME=SER_1, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1, CBC, TU_ENV, 1.2 

        CBC, WS_ENV, 0.3, CBC, TG_ENV, 0.5, CBC, SE_ENV, 1 

   NAME=SER_2, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1.3, CBC, TU_ENV, 1.2 

   NAME=SER_3, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1, CBC, TU_ENV, 1.2 

        CBC, TG_ENV, 0.5, CBC, SE_ENV, 1 

   NAME=SER_4, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, TU_ENV, 1.2, CBC, WS_ENV, 0.7 

        CBC, SE_ENV, 1 

   NAME=SER_Sismo-1, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1 

        CBC, EQ_Ser_1.0X/0.3Y, 1 

   NAME=SER_Sismo-2, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1, CBC, PL_AAHSTO, 1 

        CBC, EQ_Ser_0.3X/1.0Y, 1 

   NAME=SER_ENV, CONC, SERVICE, 0, 1, , 0, 0, 0 

        CBC, SER_1, 1, CBC, SER_2, 1, CBC, SER_3, 1, CBC, SER_4, 1 

        CBC, SER_Sismo-1, 1, CBC, SER_Sismo-2, 1 
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   NAME=Permanentes, CONC, SERVICE, 0, 0, , 0, 0, 0 

        CBC, DC_1.00, 1, CBC, DW_1.00, 1 

 

*LC-COLOR    ; Diagram Color for Load Case 

; ANAL, LCNAME, iR1(ALL), iG1(ALL), iB1(ALL), iR2(MIN), iG2(MIN), iB2(MIN), iR3(MAX), iG2(MAX), iB2(MAX) 

 ST, Peso propio, 0, 157, 192, 210, 210, 210, 255, 0, 192 

 ST, Barandilla y luminarias, 255, 255, 255, 212, 160, 255, 255, 87, 128 

 ST, Pavimento estructural, 210, 210, 210, 0, 192, 128, 148, 87, 255 

 ST, Pavimento no estructural, 160, 255, 255, 255, 255, 87, 192, 128, 0 

 ST, PL01i_ext, 163, 160, 255, 85, 192, 0, 255, 128, 0 

 ST, PL02d_ext, 255, 255, 255, 192, 192, 192, 78, 0, 255 

 ST, PL02i_ext, 0, 192, 192, 210, 210, 210, 0, 192, 192 

 ST, PL03i_ext, 0, 192, 192, 255, 255, 87, 0, 192, 192 

 ST, PL04i_ext, 93, 255, 87, 0, 192, 128, 212, 160, 255 

 ST, PL05i_ext, 78, 0, 255, 146, 0, 255, 0, 128, 128 

 ST, PL06i_ext, 192, 0, 128, 0, 157, 192, 210, 210, 210 

 ST, PL07d_ext, 0, 128, 57, 192, 0, 128, 255, 255, 87 

 ST, PL07i_ext, 255, 0, 128, 0, 192, 128, 160, 192, 255 

 ST, PL08d_ext, 192, 0, 128, 255, 128, 0, 148, 87, 255 

 ST, PL08i_ext, 163, 255, 160, 160, 255, 255, 255, 192, 160 

 ST, PL09d_ext, 255, 255, 87, 255, 255, 87, 210, 210, 210 

 ST, PL09i_ext, 255, 87, 128, 160, 255, 255, 78, 0, 255 

 ST, PL03d_ext, 85, 192, 0, 146, 0, 255, 0, 128, 128 

 ST, PL04d_ext, 192, 192, 0, 146, 0, 255, 0, 128, 128 

 ST, PL05d_ext, 192, 128, 0, 212, 160, 255, 0, 192, 192 

 RS, Sismo_X(1), 192, 192, 192, 255, 87, 128, 0, 128, 128 

 RS, Sismo_Y(1), 163, 160, 255, 192, 192, 192, 93, 255, 87 

 ST, PL06d_ext, 0, 128, 57, 0, 192, 128, 192, 192, 0 

 ST, PL10d_ext, 255, 87, 87, 0, 128, 128, 78, 0, 255 

 ST, PL10i_ext, 128, 192, 0, 255, 128, 0, 210, 210, 210 

 ST, PL10d_int, 85, 0, 192, 255, 0, 192, 0, 192, 128 

 ST, PL10i_int, 255, 255, 255, 192, 192, 0, 192, 0, 192 

 ST, PL01d_int, 255, 160, 255, 255, 160, 255, 192, 0, 192 

 ST, PL06d_int, 85, 192, 0, 255, 0, 192, 0, 128, 255 

 ST, PL06i_int, 255, 160, 255, 255, 192, 87, 146, 0, 255 

 ST, WS+X, 210, 210, 210, 192, 72, 0, 255, 160, 255 

 ST, WS-X, 192, 192, 0, 85, 0, 192, 255, 255, 87 

 ST, WS+Y, 160, 255, 255, 255, 128, 0, 255, 87, 87 

 ST, WS-Y, 0, 128, 255, 0, 128, 192, 85, 0, 192 

 CBS, WS+X_, 163, 160, 255, 192, 0, 192, 192, 192, 0 

 CBS, PL01d-ext_, 85, 0, 192, 192, 192, 192, 212, 160, 255 

 CBS, PL01i-ext_, 255, 87, 128, 0, 128, 255, 146, 0, 255 

 CBS, PL01, 0, 128, 192, 255, 160, 255, 85, 192, 0 

 CBS, SE01a_, 85, 0, 192, 255, 128, 0, 128, 192, 0 

 CBS, PL02d-ext, 255, 255, 255, 163, 160, 255, 78, 0, 255 

 CBS, PL02i-ext_, 0, 128, 57, 0, 128, 128, 0, 192, 128 

 CBS, PL02, 0, 128, 128, 146, 0, 255, 93, 255, 87 

 CBS, SE01b_, 255, 87, 128, 255, 192, 87, 146, 0, 255 

 CBS, WS-X_, 0, 128, 128, 255, 255, 255, 0, 192, 192 

 CBS, WS+Y_, 255, 255, 87, 148, 87, 255, 146, 0, 255 

 CBS, WS-Y_, 255, 87, 87, 255, 160, 255, 128, 192, 0 

 ST, WS+Z+Y, 255, 192, 160, 192, 72, 0, 192, 192, 0 

 ST, WS-Z+Y, 85, 192, 0, 192, 192, 0, 192, 0, 192 

 ST, WS+Z-Y, 163, 160, 255, 160, 192, 255, 0, 192, 192 

 ST, WS-Z-Y, 255, 0, 128, 0, 192, 192, 255, 0, 128 

 CBS, PL03d-ext_, 128, 192, 0, 146, 0, 255, 212, 160, 255 

 CBS, PL03i-ext_, 255, 255, 87, 85, 0, 192, 255, 128, 0 

 CBS, PL03, 192, 192, 192, 146, 0, 255, 255, 192, 160 

 CBS, SE02a_, 255, 192, 87, 0, 128, 128, 255, 255, 87 

 CBS, PL04d-ext_, 0, 157, 192, 0, 157, 192, 0, 128, 192 

 CBS, PL04i-ext_, 85, 192, 0, 148, 87, 255, 78, 0, 255 

 CBS, PL05d-ext_, 255, 87, 87, 163, 255, 160, 0, 128, 128 

 CBS, PL05i-ext_, 163, 255, 160, 255, 160, 255, 85, 0, 192 

 CBS, PL06d-ext_, 192, 0, 128, 163, 255, 160, 210, 210, 210 

 CBS, PL06i-ext_, 255, 0, 192, 78, 0, 255, 85, 0, 192 

 CBS, PL05, 160, 192, 255, 163, 255, 160, 212, 160, 255 

 CBS, SE02b_, 148, 87, 255, 255, 87, 128, 78, 0, 255 

 CBS, PL07d-ext_, 0, 128, 255, 85, 192, 0, 85, 192, 0 
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 CBS, PL07i-ext_, 0, 128, 255, 192, 72, 0, 192, 128, 0 

 CBS, PL07, 255, 0, 192, 192, 0, 192, 0, 157, 192 

 CBS, SE03a_, 0, 128, 255, 163, 255, 160, 255, 0, 128 

 CBS, PL08d-ext_, 163, 160, 255, 255, 160, 255, 255, 255, 255 

 CBS, PL08i-ext_, 192, 192, 192, 255, 160, 255, 255, 255, 87 

 ST, Pretensado, 78, 0, 255, 78, 0, 255, 255, 87, 128 

 ST, PL01d_ext, 146, 0, 255, 255, 160, 255, 255, 87, 128 

 ST, TU+, 192, 128, 0, 160, 192, 255, 255, 0, 192 

 ST, TU-, 255, 192, 160, 212, 160, 255, 192, 192, 0 

 CBC, DC, 255, 0, 192, 255, 87, 87, 255, 128, 0 

 ST, Aux, 255, 255, 255, 255, 0, 128, 85, 192, 0 

 CBC, DC_0.90, 0, 128, 192, 255, 160, 255, 192, 72, 0 

 CBC, DC_1.00, 160, 255, 255, 0, 128, 255, 0, 157, 192 

 CBC, DC_1.25, 255, 160, 255, 192, 0, 128, 128, 192, 0 

 CBC, DC_1.50, 160, 192, 255, 163, 160, 255, 255, 192, 160 

 CBC, DC_0.90/1.25, 255, 128, 0, 0, 128, 192, 0, 128, 128 

 CBC, DC_0.90/1.50, 85, 0, 192, 128, 192, 0, 78, 0, 255 

 CBC, DW, 255, 192, 160, 192, 0, 128, 192, 192, 0 

 CBC, DW_0.65, 160, 255, 255, 255, 0, 128, 255, 128, 0 

 CBC, DW_1.00, 0, 157, 192, 255, 192, 87, 192, 128, 0 

 CBC, DW_1.50, 163, 255, 160, 160, 255, 255, 212, 160, 255 

 CBC, DW_0.65/1.50, 255, 255, 87, 210, 210, 210, 78, 0, 255 

 CBC, PL_max_aux, 0, 128, 128, 192, 72, 0, 163, 255, 160 

 CBC, PL01d-ext_, 255, 87, 128, 192, 192, 0, 210, 210, 210 

 CBC, PL01i-ext_, 146, 0, 255, 212, 160, 255, 255, 255, 255 

 CBC, PL01d-int_, 128, 192, 0, 192, 0, 192, 255, 255, 87 

 CBC, PL01i-int_, 255, 128, 0, 0, 192, 128, 255, 192, 160 

 CBC, PL01, 128, 192, 0, 78, 0, 255, 192, 0, 128 

 CBS, PL08, 192, 192, 192, 128, 192, 0, 85, 0, 192 

 CBC, PL02d-ext_, 192, 128, 0, 255, 160, 255, 160, 255, 255 

 CBC, PL02i-ext_, 255, 255, 255, 163, 160, 255, 0, 128, 192 

 CBC, PL02d-int_, 192, 72, 0, 0, 128, 57, 255, 128, 0 

 CBC, PL02i-int_, 0, 128, 128, 128, 192, 0, 255, 0, 128 

 CBC, PL02, 163, 255, 160, 0, 192, 192, 192, 128, 0 

 CBC, PL03d-ext_, 255, 255, 87, 160, 192, 255, 128, 192, 0 

 CBC, PL03i-ext_, 78, 0, 255, 0, 157, 192, 0, 192, 192 

 CBC, PL03d-int_, 255, 87, 128, 148, 87, 255, 192, 192, 192 

 CBC, PL03i-int_, 255, 0, 192, 93, 255, 87, 0, 128, 255 

 CBC, PL03, 255, 192, 160, 160, 255, 255, 255, 128, 0 

 CBC, PL04d-ext_, 160, 255, 255, 192, 0, 192, 85, 0, 192 

 CBC, PL04i-ext_, 255, 0, 192, 255, 128, 0, 160, 255, 255 

 CBC, PL04d-int_, 255, 128, 0, 192, 0, 128, 255, 160, 255 

 CBC, PL04i-int_, 163, 160, 255, 163, 255, 160, 0, 128, 128 

 CBC, PL04, 255, 87, 128, 255, 0, 128, 192, 0, 128 

 CBC, PL05d-ext_, 192, 0, 128, 85, 192, 0, 0, 128, 128 

 CBC, PL05i-ext_, 192, 192, 192, 255, 0, 128, 93, 255, 87 

 CBC, PL05d-int_, 85, 0, 192, 210, 210, 210, 85, 192, 0 

 CBC, PL05i-int_, 85, 0, 192, 255, 255, 255, 0, 128, 57 

 CBC, PL05, 78, 0, 255, 212, 160, 255, 93, 255, 87 

 CBC, PL06d-ext_, 255, 192, 160, 128, 192, 0, 160, 255, 255 

 CBC, PL06i-ext_, 255, 128, 0, 255, 255, 255, 0, 128, 255 

 CBC, PL06d-int_, 0, 128, 192, 255, 192, 87, 192, 192, 0 

 CBC, PL06i-int_, 255, 87, 128, 255, 128, 0, 210, 210, 210 

 CBC, PL06, 0, 128, 57, 0, 157, 192, 255, 192, 160 

 CBC, PL07d-ext_, 255, 0, 128, 0, 128, 255, 255, 87, 128 

 CBC, PL07i-ext_, 0, 128, 57, 78, 0, 255, 85, 192, 0 

 CBC, PL07d-int_, 192, 72, 0, 255, 160, 255, 160, 255, 255 

 CBC, PL07i-int_, 255, 0, 192, 0, 192, 128, 255, 0, 128 

 CBC, PL07, 192, 128, 0, 0, 157, 192, 192, 192, 0 

 CBC, PL08d-ext_, 255, 0, 128, 192, 128, 0, 0, 128, 255 

 CBC, PL08i-ext_, 0, 128, 255, 255, 255, 87, 192, 0, 192 

 CBC, PL08d-int_, 255, 0, 192, 255, 87, 87, 0, 192, 192 

 CBC, PL08i-int_, 212, 160, 255, 255, 192, 87, 128, 192, 0 

 CBC, PL08, 163, 255, 160, 255, 192, 160, 0, 128, 192 

 CBC, PL09d-ext_, 0, 128, 57, 255, 160, 255, 85, 192, 0 

 CBC, PL09i-ext_, 0, 157, 192, 0, 157, 192, 192, 192, 0 

 CBC, PL09d-int_, 0, 128, 128, 0, 157, 192, 146, 0, 255 

 CBC, PL09i-int_, 0, 192, 192, 163, 160, 255, 255, 255, 255 
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 CBC, PL09, 255, 192, 160, 85, 192, 0, 93, 255, 87 

 CBC, PL10d-ext_, 255, 192, 160, 255, 255, 255, 0, 192, 192 

 CBC, PL10i-ext_, 0, 157, 192, 0, 157, 192, 128, 192, 0 

 CBC, PL10d-int_, 0, 192, 128, 255, 255, 255, 148, 87, 255 

 CBC, PL10i-int_, 255, 128, 0, 0, 128, 255, 255, 160, 255 

 CBC, PL10, 192, 0, 192, 0, 192, 128, 255, 87, 128 

 CBC, PL_ENV, 160, 255, 255, 255, 87, 128, 0, 157, 192 

 CBC, PL_AAHSTO, 85, 192, 0, 255, 255, 87, 255, 87, 87 

 CBC, PL_Extreme, 0, 192, 128, 192, 0, 192, 93, 255, 87 

 CBC, TU_ENV, 146, 0, 255, 93, 255, 87, 160, 255, 255 

 CBC, TG-_CB, 255, 255, 255, 0, 128, 255, 255, 192, 160 

 CBC, TG_ENV, 85, 0, 192, 0, 128, 192, 93, 255, 87 

 CBC, EQ_1 X+, 255, 255, 87, 0, 192, 192, 192, 128, 0 

 CBC, EQ_1 X-, 255, 87, 128, 0, 128, 57, 160, 255, 255 

 CBC, EQ_1 Y+, 85, 192, 0, 85, 0, 192, 255, 87, 128 

 CBS, WS+Z+Y_, 0, 128, 128, 255, 255, 255, 192, 192, 192 

 CBS, WS-Z+Y_, 192, 0, 192, 0, 128, 192, 160, 255, 255 

 CBS, WS+Z-Y_, 85, 0, 192, 255, 0, 192, 255, 192, 87 

 CBS, WS-Z-Y_, 0, 192, 128, 163, 160, 255, 146, 0, 255 

 CBS, WS+Y+Z, 163, 255, 160, 163, 255, 160, 192, 128, 0 

 CBS, WS+Y-Z, 0, 157, 192, 160, 192, 255, 160, 192, 255 

 CBS, WS-Y+Z, 163, 160, 255, 85, 0, 192, 255, 255, 87 

 CBS, WS-Y-Z, 255, 87, 128, 148, 87, 255, 146, 0, 255 

 CBS, WS_ENV, 0, 128, 57, 255, 255, 255, 255, 160, 255 

 CBS, SE03b_, 85, 0, 192, 85, 0, 192, 0, 157, 192 

 CBS, PL09d-ext_, 163, 255, 160, 255, 128, 0, 192, 0, 128 

 CBC, EQ_1 Y-, 255, 0, 192, 0, 128, 255, 0, 192, 128 

 CBS, PL09i-ext_, 160, 255, 255, 0, 192, 192, 255, 87, 128 

 CBS, PL09, 212, 160, 255, 0, 128, 255, 0, 128, 57 

 CBS, SE04a_, 0, 157, 192, 163, 160, 255, 255, 87, 87 

 CBS, PL_ENV, 160, 192, 255, 212, 160, 255, 192, 192, 192 

 CBC, EQ_1 X env, 85, 0, 192, 0, 157, 192, 0, 128, 128 

 CBS, EQ_1 X+, 255, 255, 87, 148, 87, 255, 148, 87, 255 

 CBS, EQ_1 X-, 255, 160, 255, 255, 87, 128, 0, 192, 192 

 CBS, EQ_1 Y+, 192, 72, 0, 163, 160, 255, 85, 0, 192 

 CBS, EQ_1 Y-, 78, 0, 255, 163, 160, 255, 192, 72, 0 

 CBS, EQ_1 X env, 192, 72, 0, 255, 255, 87, 0, 128, 128 

 CBS, EQ_1 Y env, 255, 255, 255, 192, 0, 192, 192, 72, 0 

 CBS, EQ_1 1.0X/0.3Y, 85, 0, 192, 255, 87, 128, 255, 192, 160 

 CBS, EQ_1 0.3X/1.0Y, 255, 160, 255, 85, 192, 0, 85, 192, 0 

 CBS, EQ_1_ENV, 210, 210, 210, 192, 0, 192, 163, 160, 255 

 CBS, STR_ENV, 128, 192, 0, 255, 87, 87, 78, 0, 255 

 CBS, STR_3, 192, 192, 192, 255, 160, 255, 85, 192, 0 

 CBS, TU_ENV, 192, 0, 128, 160, 255, 255, 255, 0, 192 

 CBS, EXT_ENV, 255, 255, 255, 255, 255, 87, 255, 255, 255 

 RS, Sismo_X(2), 192, 128, 0, 0, 128, 255, 0, 128, 57 

 RS, Sismo_Y(2), 192, 0, 128, 255, 128, 0, 0, 128, 255 

 CBS, EQ_2 X+, 255, 192, 160, 0, 157, 192, 0, 157, 192 

 CBS, EQ_2 X-, 85, 192, 0, 0, 128, 192, 255, 128, 0 

 CBS, EQ_2 Y+, 255, 255, 255, 255, 87, 128, 0, 128, 192 

 CBS, EQ_2 Y-, 192, 0, 192, 160, 255, 255, 160, 255, 255 

 CBS, EQ_2 X env, 192, 128, 0, 192, 192, 0, 0, 157, 192 

 CBS, EQ_2 Y env, 78, 0, 255, 255, 87, 128, 212, 160, 255 

 CBS, EQ_2 1.0X/0.3Y, 0, 157, 192, 255, 160, 255, 192, 192, 192 

 CBS, EQ_2 0.3X/1.0Y, 255, 87, 87, 163, 255, 160, 255, 87, 87 

 CBS, EQ_2_ENV, 192, 0, 192, 255, 160, 255, 255, 128, 0 

 CBS, EQ_ENV, 0, 128, 255, 163, 255, 160, 192, 72, 0 

 CBS, PL10d-ext_, 0, 128, 57, 192, 0, 192, 0, 128, 57 

 CBS, PL10i-ext_, 85, 0, 192, 192, 192, 0, 255, 87, 87 

 CBS, PL10, 0, 128, 192, 255, 255, 87, 255, 192, 87 

 CBS, SE04b_, 85, 192, 0, 255, 0, 192, 85, 0, 192 

 CBS, SE05a_, 0, 128, 255, 160, 192, 255, 192, 128, 0 

 CBS, PL04, 85, 192, 0, 0, 128, 192, 0, 128, 192 

 CBS, SE05b_, 0, 128, 255, 0, 128, 57, 192, 192, 192 

 CBS, PL06, 0, 128, 192, 255, 192, 87, 0, 128, 57 

 CBS, DW, 160, 255, 255, 128, 192, 0, 0, 128, 192 

 CBS, EQ_1.0X/0.3Y_ENV, 160, 255, 255, 163, 255, 160, 192, 192, 0 

 CBS, PL_Extreme, 85, 192, 0, 192, 0, 128, 212, 160, 255 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 596 DE 708 

 

 

 CBS, PL_AASHTO, 93, 255, 87, 163, 255, 160, 0, 192, 128 

 CBS, PL06d-int_, 192, 0, 192, 160, 192, 255, 192, 192, 0 

 CBS, PL06i-int_, 255, 0, 192, 0, 157, 192, 0, 128, 255 

 CBS, SER_ENV, 93, 255, 87, 78, 0, 255, 0, 128, 128 

 ST, TG+, 192, 192, 0, 93, 255, 87, 255, 0, 128 

 ST, TG-, 0, 192, 192, 255, 255, 87, 192, 192, 0 

 CBS, TG_ENV, 0, 128, 255, 255, 87, 87, 255, 160, 255 

 CBS, EXT_3, 192, 128, 0, 255, 192, 87, 0, 157, 192 

 CBS, TG-_CB, 192, 0, 192, 255, 87, 128, 148, 87, 255 

 CBS, PL_max_aux, 78, 0, 255, 163, 255, 160, 192, 0, 192 

 ST, Peso lastres, 192, 192, 0, 255, 192, 160, 192, 0, 128 

 RS, Sismo_X_Ser(1), 192, 128, 0, 0, 128, 57, 160, 192, 255 

 RS, Sismo_Y_Ser(1), 78, 0, 255, 148, 87, 255, 0, 128, 128 

 RS, Sismo_X_Ser(2), 192, 192, 0, 210, 210, 210, 85, 192, 0 

 RS, Sismo_Y_Ser(2), 0, 128, 255, 255, 128, 0, 78, 0, 255 

 CBS, EQ_Ser_1 X+, 255, 255, 87, 192, 192, 192, 192, 0, 192 

 CBS, EQ_Ser_1 X-, 212, 160, 255, 255, 255, 255, 212, 160, 255 

 CBS, EQ_Ser_1 Y+, 255, 128, 0, 255, 87, 87, 255, 192, 87 

 CBS, EQ_Ser_1 Y-, 192, 128, 0, 192, 0, 192, 192, 0, 192 

 CBS, Permanentes, 146, 0, 255, 0, 157, 192, 148, 87, 255 

 CBS, EQ_Ser_1 X env, 192, 0, 192, 93, 255, 87, 0, 128, 128 

 CBS, EQ_0.3X/1.0Y_ENV, 0, 157, 192, 255, 128, 0, 146, 0, 255 

 CBS, EXT_1-2, 148, 87, 255, 255, 0, 128, 255, 192, 160 

 CBS, EQ_Ser_1 Y env, 210, 210, 210, 85, 0, 192, 255, 87, 87 

 CBS, EQ_Ser_1 1.0X/0.3Y, 93, 255, 87, 0, 128, 192, 163, 160, 255 

 CBS, EQ_Ser_1 0.3X/1.0Y, 160, 255, 255, 255, 160, 255, 0, 192, 192 

 CBS, STR_1, 192, 72, 0, 0, 192, 128, 255, 87, 128 

 CBS, EQ_Ser_1_ENV, 255, 255, 255, 146, 0, 255, 192, 192, 192 

 CBS, EXT_1-1, 255, 0, 192, 212, 160, 255, 210, 210, 210 

 CBS, EQ_Ser_2 X+, 163, 255, 160, 0, 128, 128, 0, 157, 192 

 CBS, SER_1, 255, 0, 128, 255, 192, 160, 0, 128, 128 

 CBS, EQ_Ser_2 X-, 255, 255, 87, 255, 0, 192, 148, 87, 255 

 ST, PL01i_int, 85, 0, 192, 192, 0, 128, 78, 0, 255 

 ST, PL02d_int, 146, 0, 255, 255, 192, 160, 255, 160, 255 

 ST, PL02i_int, 0, 192, 128, 255, 0, 192, 210, 210, 210 

 ST, PL03d_int, 255, 192, 160, 255, 0, 128, 0, 157, 192 

 ST, PL03i_int, 255, 160, 255, 0, 128, 255, 128, 192, 0 

 ST, PL04d_int, 255, 192, 87, 192, 0, 192, 192, 192, 0 

 ST, PL04i_int, 192, 0, 128, 146, 0, 255, 0, 192, 128 

 ST, PL05d_int, 192, 72, 0, 0, 128, 192, 85, 192, 0 

 ST, PL05i_int, 0, 157, 192, 255, 255, 87, 78, 0, 255 

 ST, PL07d_int, 255, 255, 87, 192, 0, 192, 255, 192, 87 

 ST, PL07i_int, 255, 255, 87, 255, 255, 255, 163, 255, 160 

 ST, PL08d_int, 128, 192, 0, 192, 72, 0, 160, 255, 255 

 ST, PL08i_int, 128, 192, 0, 255, 87, 128, 255, 255, 255 

 ST, PL09d_int, 148, 87, 255, 146, 0, 255, 192, 0, 192 

 ST, PL09i_int, 148, 87, 255, 0, 128, 128, 212, 160, 255 

 CBS, PL01d-int_, 255, 87, 87, 255, 255, 255, 0, 157, 192 

 CBS, PL01i-int_, 255, 192, 160, 85, 0, 192, 255, 160, 255 

 CBS, PL02d-int_, 192, 192, 0, 85, 0, 192, 255, 255, 255 

 CBS, PL02i-int_, 212, 160, 255, 255, 160, 255, 0, 192, 128 

 CBS, PL03d-int_, 192, 0, 192, 128, 192, 0, 255, 192, 160 

 CBS, PL03i-int_, 255, 87, 128, 255, 128, 0, 255, 87, 128 

 CBS, PL04d-int_, 192, 72, 0, 192, 192, 0, 210, 210, 210 

 CBS, PL04i-int_, 78, 0, 255, 146, 0, 255, 210, 210, 210 

 CBS, PL05d-int_, 192, 0, 128, 0, 128, 128, 192, 72, 0 

 CBS, PL05i-int_, 78, 0, 255, 255, 87, 128, 192, 0, 192 

 CBS, PL07d-int_, 255, 0, 192, 255, 192, 87, 148, 87, 255 

 CBS, PL07i-int_, 255, 192, 87, 0, 128, 255, 0, 128, 192 

 CBS, PL08d-int_, 255, 87, 87, 255, 87, 87, 0, 128, 128 

 CBS, PL08i-int_, 192, 0, 192, 0, 128, 128, 210, 210, 210 

 CBS, PL09d-int_, 255, 255, 87, 192, 192, 192, 163, 160, 255 

 CBS, PL09i-int_, 255, 160, 255, 78, 0, 255, 255, 87, 87 

 CBS, PL10d-int_, 146, 0, 255, 192, 0, 192, 192, 192, 0 

 CBS, PL10i-int_, 192, 128, 0, 255, 87, 87, 85, 0, 192 

 CBS, DC_0.90, 192, 192, 192, 255, 160, 255, 255, 0, 128 

 CBS, DC_1.00, 85, 192, 0, 160, 192, 255, 163, 160, 255 

 CBS, DC_1.25, 0, 192, 128, 192, 0, 128, 0, 192, 128 
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 CBS, DC_1.50, 255, 87, 87, 148, 87, 255, 192, 0, 192 

 CBS, DW_0.65, 255, 255, 255, 163, 160, 255, 85, 0, 192 

 CBS, DW_1.00, 255, 0, 128, 192, 0, 128, 255, 255, 87 

 CBS, DW_1.50, 255, 192, 87, 0, 192, 128, 255, 0, 192 

 CBS, DC_0.90/1.25, 192, 128, 0, 192, 192, 192, 255, 160, 255 

 CBS, DC_0.90/1.50, 255, 160, 255, 148, 87, 255, 255, 128, 0 

 CBS, DW_0.65/1.50, 0, 128, 128, 85, 0, 192, 148, 87, 255 

 CBS, EQ_Ser_2 Y+, 0, 128, 57, 210, 210, 210, 93, 255, 87 

 CBS, EQ_Ser_2 Y-, 148, 87, 255, 93, 255, 87, 160, 192, 255 

 CBS, EQ_Ser_2 X env, 210, 210, 210, 192, 72, 0, 255, 87, 87 

 CBS, SER_2, 255, 192, 160, 255, 255, 87, 148, 87, 255 

 CBS, SER_3, 192, 128, 0, 255, 192, 160, 255, 128, 0 

 CBS, SER_4, 255, 128, 0, 210, 210, 210, 255, 160, 255 

 CBS, EQ_Ser_2 Y env, 192, 128, 0, 192, 128, 0, 0, 128, 57 

 CBS, EQ_Ser_2 1.0X/0.3Y, 146, 0, 255, 255, 0, 192, 210, 210, 210 

 CBS, EQ_Ser_2 0.3X/1.0Y, 192, 192, 0, 0, 192, 128, 85, 192, 0 

 CBS, EQ_Ser_2_ENV, 192, 128, 0, 255, 0, 192, 85, 192, 0 

 CBS, EQ_Ser_1.0X/0.3Y, 192, 192, 192, 0, 128, 128, 255, 160, 255 

 CBS, EQ_Ser_0.3X/1.0Y, 255, 255, 255, 255, 87, 87, 0, 192, 128 

 CBS, EQ_Ser_ENV, 0, 192, 192, 255, 192, 160, 210, 210, 210 

 CBS, SER_Sismo-1, 78, 0, 255, 0, 128, 255, 163, 160, 255 

 CBS, SER_Sismo-2, 210, 210, 210, 0, 128, 192, 255, 0, 192 

 CBS, DC, 255, 255, 87, 160, 255, 255, 255, 0, 128 

 ST, SE01a, 255, 87, 128, 163, 160, 255, 0, 192, 128 

 ST, SE01b, 128, 192, 0, 255, 255, 255, 0, 128, 57 

 ST, SE02a, 255, 87, 87, 0, 157, 192, 192, 192, 0 

 ST, SE02b, 255, 192, 87, 192, 0, 128, 255, 87, 128 

 ST, SE03a, 78, 0, 255, 0, 128, 128, 0, 192, 128 

 ST, SE03b, 192, 72, 0, 255, 87, 128, 192, 72, 0 

 ST, SE04a, 78, 0, 255, 255, 128, 0, 192, 0, 128 

 ST, SE04b, 160, 255, 255, 192, 0, 192, 85, 192, 0 

 ST, SE05a, 0, 192, 192, 192, 192, 192, 0, 128, 192 

 ST, SE05b, 192, 128, 0, 146, 0, 255, 255, 255, 255 

 ST, SE06a, 0, 192, 192, 85, 192, 0, 192, 0, 192 

 ST, SE06b, 192, 0, 192, 255, 128, 0, 0, 192, 192 

 ST, SE07a, 255, 255, 87, 78, 0, 255, 78, 0, 255 

 ST, SE07b, 255, 255, 87, 148, 87, 255, 93, 255, 87 

 ST, SE08a, 163, 160, 255, 192, 192, 0, 163, 255, 160 

 ST, SE08b, 93, 255, 87, 255, 255, 87, 0, 128, 128 

 ST, SE09a, 0, 128, 192, 255, 192, 87, 255, 87, 128 

 ST, SE09b, 192, 0, 192, 0, 128, 128, 93, 255, 87 

 ST, SE10a, 0, 128, 128, 255, 128, 0, 192, 192, 0 

 ST, SE10b, 128, 192, 0, 0, 157, 192, 85, 192, 0 

 ST, SE11a, 85, 0, 192, 255, 255, 255, 0, 192, 192 

 ST, SE11b, 255, 0, 128, 255, 255, 87, 255, 0, 192 

 CBS, SE06a_, 0, 128, 128, 255, 0, 128, 0, 128, 57 

 CBS, SE06b_, 163, 255, 160, 255, 0, 192, 0, 128, 128 

 CBS, SE07a_, 85, 192, 0, 85, 192, 0, 255, 128, 0 

 CBS, SE07b_, 85, 0, 192, 0, 128, 128, 78, 0, 255 

 CBS, SE08a_, 212, 160, 255, 160, 192, 255, 0, 157, 192 

 CBS, SE08b_, 0, 157, 192, 210, 210, 210, 78, 0, 255 

 CBS, SE09a_, 192, 72, 0, 192, 192, 0, 192, 72, 0 

 CBS, SE09b_, 0, 128, 192, 192, 192, 0, 255, 0, 192 

 CBS, SE10a_, 255, 255, 87, 255, 255, 87, 192, 192, 0 

 CBS, SE10b_, 212, 160, 255, 210, 210, 210, 85, 192, 0 

 CBS, SE11a_, 163, 160, 255, 163, 160, 255, 255, 0, 128 

 CBS, SE11b_, 78, 0, 255, 192, 128, 0, 85, 192, 0 

 CBS, SE_ENV, 0, 192, 192, 255, 87, 87, 255, 192, 160 

 CBC, EQ_1 Y env, 255, 255, 87, 192, 128, 0, 192, 192, 192 

 CBC, EQ_1 1.0X/0.3Y, 255, 87, 87, 0, 157, 192, 148, 87, 255 

 CBC, EQ_1 0.3X/1.0Y, 0, 157, 192, 0, 192, 128, 192, 192, 192 

 CBC, EQ_1_ENV, 148, 87, 255, 146, 0, 255, 0, 192, 128 

 CBC, EQ_2 X+, 78, 0, 255, 78, 0, 255, 255, 192, 160 

 CBC, EQ_2 X-, 212, 160, 255, 163, 255, 160, 192, 72, 0 

 CBC, EQ_2 Y+, 128, 192, 0, 255, 0, 192, 128, 192, 0 

 CBC, EQ_2 Y-, 0, 157, 192, 85, 0, 192, 192, 128, 0 

 CBC, EQ_2 X env, 192, 128, 0, 160, 192, 255, 255, 0, 128 

 CBC, EQ_2 Y env, 255, 0, 192, 78, 0, 255, 255, 255, 87 
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 CBC, EQ_2 1.0X/0.3Y, 192, 128, 0, 255, 0, 128, 255, 192, 87 

 CBC, EQ_2 0.3X/1.0Y, 160, 192, 255, 255, 255, 87, 0, 128, 192 

 CBC, EQ_2_ENV, 163, 255, 160, 0, 192, 128, 85, 0, 192 

 CBC, EQ_1.0X/0.3Y_ENV, 255, 192, 87, 85, 192, 0, 146, 0, 255 

 CBC, EQ_0.3X/1.0Y_ENV, 0, 128, 192, 0, 128, 128, 163, 160, 255 

 CBC, EQ_ENV, 255, 192, 87, 255, 255, 255, 255, 87, 87 

 CBC, EQ_Ser_1 X+, 160, 255, 255, 0, 157, 192, 210, 210, 210 

 CBC, EQ_Ser_1 X-, 255, 87, 128, 192, 192, 192, 163, 160, 255 

 CBC, EQ_Ser_1 Y+, 0, 192, 192, 0, 128, 192, 163, 255, 160 

 CBC, EQ_Ser_1 Y-, 0, 128, 57, 255, 0, 128, 210, 210, 210 

 CBC, EQ_Ser_1 X env, 255, 255, 87, 192, 0, 192, 93, 255, 87 

 CBC, EQ_Ser_1 Y env, 255, 160, 255, 255, 255, 255, 0, 128, 255 

 CBC, EQ_Ser_1 1.0X/0.3Y, 160, 255, 255, 192, 192, 192, 255, 192, 160 

 CBC, EQ_Ser_1 0.3X/1.0Y, 0, 157, 192, 212, 160, 255, 192, 192, 192 

 CBC, EQ_Ser_1_ENV, 163, 255, 160, 255, 0, 128, 192, 192, 0 

 CBC, EQ_Ser_2 X+, 93, 255, 87, 192, 192, 0, 0, 128, 57 

 CBC, EQ_Ser_2 X-, 255, 255, 87, 255, 128, 0, 212, 160, 255 

 CBC, EQ_Ser_2 Y+, 163, 255, 160, 255, 87, 87, 93, 255, 87 

 CBC, EQ_Ser_2 Y-, 160, 255, 255, 210, 210, 210, 163, 160, 255 

 CBC, EQ_Ser_2 X env, 146, 0, 255, 78, 0, 255, 146, 0, 255 

 CBC, EQ_Ser_2 Y env, 0, 128, 255, 160, 255, 255, 212, 160, 255 

 CBC, EQ_Ser_2 1.0X/0.3Y, 0, 128, 255, 192, 128, 0, 255, 87, 87 

 CBC, EQ_Ser_2 0.3X/1.0Y, 93, 255, 87, 192, 72, 0, 146, 0, 255 

 CBC, EQ_Ser_2_ENV, 255, 0, 128, 78, 0, 255, 163, 160, 255 

 CBC, EQ_Ser_1.0X/0.3Y, 93, 255, 87, 192, 192, 0, 255, 128, 0 

 CBC, EQ_Ser_0.3X/1.0Y, 0, 128, 255, 192, 0, 192, 210, 210, 210 

 CBC, EQ_Ser_ENV, 192, 72, 0, 163, 160, 255, 160, 255, 255 

 CBC, WS+X_, 255, 255, 255, 0, 192, 192, 78, 0, 255 

 CBC, WS-X_, 192, 0, 128, 0, 128, 255, 192, 0, 128 

 CBC, WS+Y_, 160, 192, 255, 255, 87, 128, 255, 0, 128 

 CBC, WS-Y_, 0, 192, 128, 163, 160, 255, 210, 210, 210 

 CBC, WS+Z+Y_, 212, 160, 255, 78, 0, 255, 85, 0, 192 

 CBC, WS-Z+Y_, 128, 192, 0, 192, 0, 128, 255, 87, 87 

 CBC, WS+Z-Y_, 0, 128, 128, 192, 0, 128, 255, 87, 87 

 CBC, WS-Z-Y_, 85, 0, 192, 85, 0, 192, 255, 0, 192 

 CBC, WS+Y+Z, 255, 87, 87, 163, 160, 255, 210, 210, 210 

 CBC, WS+Y-Z, 192, 128, 0, 85, 0, 192, 148, 87, 255 

 CBC, WS-Y+Z, 192, 0, 192, 255, 0, 192, 85, 192, 0 

 CBC, WS-Y-Z, 0, 192, 192, 78, 0, 255, 160, 255, 255 

 CBC, WS_ENV, 255, 192, 160, 0, 128, 128, 146, 0, 255 

 CBC, SE01a_, 255, 160, 255, 210, 210, 210, 163, 160, 255 

 CBC, SE01b_, 160, 192, 255, 0, 157, 192, 255, 255, 87 

 CBC, SE02a_, 255, 192, 160, 192, 0, 128, 0, 128, 255 

 CBC, SE02b_, 255, 255, 255, 255, 87, 87, 0, 128, 57 

 CBC, SE03a_, 192, 0, 192, 255, 192, 87, 0, 128, 192 

 CBC, SE03b_, 0, 128, 255, 192, 0, 192, 192, 0, 192 

 CBC, SE04a_, 210, 210, 210, 0, 192, 192, 93, 255, 87 

 CBC, SE04b_, 255, 255, 87, 160, 192, 255, 85, 192, 0 

 CBC, SE05a_, 192, 72, 0, 85, 0, 192, 163, 255, 160 

 CBC, SE05b_, 0, 128, 192, 192, 0, 128, 255, 0, 192 

 CBC, SE06a_, 255, 192, 87, 78, 0, 255, 192, 0, 192 

 CBC, SE06b_, 210, 210, 210, 192, 192, 0, 160, 255, 255 

 CBC, SE07a_, 255, 255, 255, 192, 192, 0, 0, 128, 57 

 CBC, SE07b_, 93, 255, 87, 163, 160, 255, 0, 128, 128 

 CBC, SE08a_, 255, 0, 192, 192, 0, 128, 0, 128, 128 

 CBC, SE08b_, 255, 87, 128, 255, 192, 87, 255, 192, 87 

 CBC, SE09a_, 192, 0, 128, 192, 128, 0, 0, 128, 255 

 CBC, SE09b_, 148, 87, 255, 192, 72, 0, 255, 192, 160 

 CBC, SE10a_, 192, 128, 0, 255, 160, 255, 78, 0, 255 

 CBC, SE10b_, 212, 160, 255, 192, 0, 192, 0, 128, 57 

 CBC, SE11a_, 255, 128, 0, 255, 192, 87, 0, 128, 255 

 CBC, SE11b_, 255, 0, 128, 192, 192, 192, 160, 255, 255 

 CBC, SE_ENV, 255, 0, 192, 128, 192, 0, 212, 160, 255 

 CBC, STR_1, 255, 87, 87, 255, 192, 160, 146, 0, 255 

 CBC, STR_3, 255, 87, 128, 163, 160, 255, 255, 128, 0 

 CBC, STR_ENV, 163, 255, 160, 93, 255, 87, 146, 0, 255 

 CBC, EXT_1-1, 160, 192, 255, 192, 128, 0, 255, 128, 0 

 CBC, EXT_1-2, 0, 128, 57, 255, 255, 87, 192, 0, 192 
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 CBC, EXT_3, 0, 128, 255, 210, 210, 210, 148, 87, 255 

 CBC, EXT_ENV, 255, 255, 255, 212, 160, 255, 210, 210, 210 

 CBC, SER_1, 93, 255, 87, 85, 0, 192, 0, 192, 128 

 CBC, SER_2, 163, 255, 160, 255, 0, 192, 0, 192, 128 

 CBC, SER_3, 192, 192, 0, 0, 192, 128, 255, 255, 255 

 CBC, SER_4, 0, 192, 128, 0, 128, 255, 148, 87, 255 

 CBC, SER_Sismo-1, 0, 128, 255, 160, 255, 255, 255, 0, 192 

 CBC, SER_Sismo-2, 0, 128, 128, 192, 0, 128, 85, 192, 0 

 CBC, SER_ENV, 160, 255, 255, 148, 87, 255, 192, 0, 128 

 CBC, Permanentes, 146, 0, 255, 192, 0, 128, 163, 255, 160 

 

*EIGEN-CTRL    ; Eigenvalue Analysis Control 

; TYPE, iFREQ, iITER, iDIM, TOL, bMINMAX, FRMIN, FRMAX, bSTRUM   ; TYPE=EIGEN 

; TYPE, bINCNL, iGNUM                                            ; TYPE=RITZ(line 1) 

;       KIND1, CASE1/GROUND1, iNOG1, ...                         ; TYPE=RITZ(from line2) 

   LANCZOS, 10, 20, 1, 1e-010, NO, 0, 0, NO 

 

*DGN-MATL    ; Modify Steel(Concrete) Material 

; iMAT, TYPE, MNAME, [DATA1]                                    ; STEEL 

; iMAT, TYPE, MNAME, [DATA2], [R-DATA], FCI, bSERV, SHORT, LONG ; CONC 

; iMAT, TYPE, MNAME, [DATA3], [DATA2], [R-DATA]                 ; SRC 

; iMAT, TYPE, MNAME, [DATA5]                                    ; STEEL(None) & KSCE-ASD05 

; [DATA1] : 1, DB, CODE, NAME or 2, ELAST, POISN, FU, FY1, FY2, FY3, FY4 

;           FY5, FY6, AFT, AFT2, AFT3, FY, AFV, AFV2, AFV3 

; [DATA2] : 1, DB, CODE, NAME or 2, FC, CHK, LAMBDA 

; [DATA3] : 1, DB, CODE, NAME or 2, ELAST, FU, FY1, FY2, FY3, FY4 

;              FY5, FY6, AFT, AFT2, AFT3, FY, AFV, AFV2, AFV3 

; [DATA4] : 1, DB, CODE, NAME or 2, FC 

; [DATA5] : 3, ELAST, POISN, AL1, AL2, AL3, AL4, AL5, AL6, AL7, AL8, AL9, AL10 

;              MIN1, MIN2, MIN3 

; [R-DATA]: RBCODE, RBMAIN, RBSUB, FY(R), FYS 

    1, STEEL, RIG               , 2, 2.1000e+010,   0.3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 

EN04(RC)   ,            ,               , , , , 0, 0,NO,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 0, 0,0, 0, 

0,0, 0, 0,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 

0, 0,0, 0, 0,0, 0, 0, 

    2, CONC , Grade C4000       , 1, ASTM(RC)   ,            ,Grade C4000   , NO, 1, , , , 0, 0, 

19305.3264306529, NO, 0, 0,            ,            ,              , 0, NO, 1, , , , 0, 0, 0 

    3, STEEL, A709-50           , 1, ASTM(S)    ,            ,A709-50       , 1, EN04(RC)   ,            ,               

, , , , 0, 0,NO,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0.0000e+000,     0,, 0, 0,0, 0, 

0,0, 0, 0,0, 0, 0,0, 0, 0,0.0000e+000,     0,, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0,0, 0, 0, 

    4, CONC , C4000 sin peso    , 2, 0, NO, 1, , , , 0, 0, 0, NO, 0, 0,            ,            ,              

, 0, NO, 1, , , , 0, 0, 0 

 

*K-FACTOR   ; Effective Length Factor 

; ELEM_LIST, Ky, Kz, Kt 

   104101 104201 105101 105201 106001 107101 107201, 2, 2, 1 

 

*LENGTH    ; Unbraced Length 

; ELEM_LIST, Ly, Lz, bNOTUSE, Lb, bAUTOCALC, Lt 

   11002 11003 11005to11007 11011to11015 , 3.5, 3.5, NO, 3.5, NO, 3.5 

   11017to11021 11025to11027 11029to11031 , 3.5, 3.5, NO, 3.5, NO, 3.5 

   11035to11077by6 11036to11078by6 11037to11079by6 , 3.5, 3.5, NO, 3.5, NO, 3.5 

   11038to11080by6 11039to11081by6 13008 13009 , 3.5, 3.5, NO, 3.5, NO, 3.5 

   13023 13024 13032 13033 13047 13048 13068 13069 , 3.5, 3.5, NO, 3.5, NO, 3.5 

   15002 15003 15005to15009 15023to15027 , 3.5, 3.5, NO, 3.5, NO, 3.5 

   15029to15033 15047to15051 15053to15057 , 3.5, 3.5, NO, 3.5, NO, 3.5 

   15059to15063 15065to15069 17011to17015 , 3.5, 3.5, NO, 3.5, NO, 3.5 

   17017to17021 17035to17039 17041to17045 17047 , 3.5, 3.5, NO, 3.5, NO, 3.5 

   17048 17068 17069 17071to17075 17077to17081, 3.5, 3.5, NO, 3.5, NO, 3.5 

 

*DYNAGEN-FIGURE    ; DynaGen Figure 

;  

NAME=Estribo barandilla, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 
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 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.21665, -0.1362, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.21665, 0.1362, 0, 1 

 0.000204329, 0, 0, 0, 0, 0.000204329, 0, 0, 0, 0, 1, 0, -0.196156, -0.196156, 0, 1 

 4894.07, 0, 0, 0, 0, 4894.07, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 124.849, 62.4528, 0.000142308, 0, -124.849, 62.4528, 0.000142308, 0, 0, 152.884, -0.000116264, 0, 

3316.42, -2501.62, -0.992927, 1 

 0.00400485, -0.00400485, 0, 0, 0.00200334, 0.00200334, 0.00490417, 0, 2634.34, 2634.34, -2152.23, 0, -

2626.33, -2599.77, 2151.21, 1 

 0.00566371, 0, 0, 0, 0, 0.00566371, 0, 0, 0, 0, -4302.51, 0, -11.4424, -1.66189, 4274, 1 

 176.563, 0, 0, 0, 0, 176.563, 0, 0, 0, 0, -0.000232423, 0, 2020.3, 293.428, -0.993375, 1 

 124.849, 62.4528, 0.000142308, 0, -124.849, 62.4528, 0.000142308, 0, 0, 152.884, -0.000116264, 0, 

3316.42, -2501.62, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.481484, -0.70731, -0.992927, 1 

 4894.07, 0, 0, 0, 0, -4894.07, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00400485, -0.00400485, 0, 0, -0.00200334, -0.00200334, -0.00490417, 0, 2634.34, 2634.34, -2152.23, 0, -

2622.49, -2595.92, 2160.63, 1 

 124.849, -62.4528, 0.000142308, 0, -124.849, -62.4528, 0.000142308, 0, 0, -152.884, -0.000116264, 0, 

3316.42, 4421.62, -0.992927, 1 

 176.563, 0, 0, 0, 0, -176.563, 0, 0, 0, 0, -0.000232423, 0, 2020.3, 1626.57, -0.993375, 1 

 0.00566371, 0, 0, 0, 0, -0.00566371, 0, 0, 0, 0, -4302.51, 0, -11.4424, 9.21243, 4274, 1 

 0.000204329, 0, 0, 0, 0, -0.000204329, 0, 0, 0, 0, 1, 0, -0.412806, 0.332356, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 4894.07, 0, 0, 0, 0, -4894.07, 0, 0, 0, 0, 1, 0, 2020.3, 1626.57, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 176.563, 0, 0, 0, 0, -176.563, 0, 0, 0, 0, -0.000232423, 0, 3316.42, 4421.62, -0.992927, 1 

 0.00566371, 0, 0, 0, 0, -0.00566371, 0, 0, 0, 0, -4302.51, 0, -18.7832, 25.0428, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.297494, 0, 0, 0, 0, 

0.50956, 0, 0, -0, -0, -0.000232423, -0, 1.78652, -1.92373, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -11.4424, -0.568069, -1.66189, 9.21243, 57.2622, 58.2622, -9.36664, -

2.64382, 1.8128, 5.73775, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 

0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.412806, -0.0599558, -

0.0204942, 0.332356, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 17, 2, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 0, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 8.29112, 24.6126, 40.9341, 57.2556, 73.5771, 89.8986, 106.22, 122.542, 138.863, 155.185, 171.506, 

187.828, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 2, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila cruce My, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila cruce My : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 602 DE 708 

 

 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00222348, 0, 0, 0, 0, 0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, -2.13454, 0, 1 

 449.745, 0, 0, 0, 0, 449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0435802, -0.0435802, 0, 0, 0.0218, 0.0218, 0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2662.49, -

2568.44, 2083.86, 1 

 0.0616317, 0, 0, 0, 0, 0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, -58.7781, 4245.07, 1 

 16.2254, 0, 0, 0, 0, 16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 953.698, -0.9934, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.480159, -0.993371, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0435802, -0.0435802, 0, 0, -0.0218, -0.0218, -0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2620.64, -

2526.58, 2186.32, 1 

 11.4731, -5.73917, 0.000143281, 0, -11.4731, -5.73917, 0.000143281, 0, 0, -14.0495, -0.00011706, 0, 

1079.11, 1175.95, -0.993371, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 966.302, -0.9934, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, 59.5548, 4245.07, 1 

 0.00222348, 0, 0, 0, 0, -0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, 2.14855, 0, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.466148, -0.993371, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2616.44, 2616.44, -2137.61, 0, -2599.87, -2589.48, 

2134.75, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 966.302, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -3.64004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 3.64004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -12.921, -0.1239, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 12.921, 0.1239, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 1079.11, 1175.95, -0.993371, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -66.5073, 72.4758, 4245.2, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 8.61849, 19, 3.64004 

 -3480.19, -3469.81, 2853.97 

 0, 0, 1 

 0, 0, 0 
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 0, 0, 56.9807 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.2028, 8518.35, -27.7186, -19.4073, 27.7186, 19.4073, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34082, -12.9207, -5682.98, 1, 0.0316903, 0, 0, 0, 0, 

0.0432678, 0, 0, -0, -0, -0.000234013, -0, -5.62932e-017, -0.0168044, -0.9934, 1, 0, 0, 1024, 750 

 NO, 0.6096, 0.6096, 4, NO, NO, -59.1665, 59.1665, -58.7781, 59.5548, 56.9807, 57.9807, -31.5554, 31.5554, 

-22.7235, 23.5003, 56.9807, 57.9807, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1024, 750, 0, 448, 585, 1472, 1335, 0, 0, 0, 1164, 750, 0, -2.13454, -2.12053, 2.13454, 2.14855, 

0, -2.13454, -2.12053, 2.13454, 2.14855, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 0, 0, 0, 

53, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 4, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -3779.84, -3092.6, -2405.36, -1718.12, -1030.88, -343.644, 0, 1030.83, 1718.07, 2405.31, 3092.55, 

3779.79, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pilas 3a5 Fx, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pilas 3a5 Fx : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 
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2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -2326.81, -2125.23, -1923.65, -1722.07, -1520.49, -1318.91, -1117.33, -915.754, -714.175, -512.596, -

311.018, -109.439, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Topes rampa ELU, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Topes rampa ELU : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -99.2385, -84.4523, -69.666, -54.8797, -40.0935, -25.3072, -10.5209, 0, 19.0516, 33.8379, 48.6242, 

63.4104, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 
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 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P5 plaquetas, , NO, 0, 0, NO 

 0.681998, -0.731354, 0, 0.220106, 0.205252, 0.953638, -0.697446, -0.650379, 0.300957, , , NO, NO, NO, 2, 

P5 plaquetas : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01792, -

12.4723, 3.23726, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, -0.465167, 

10.5293, 10.9198, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01792, -

12.4723, 3.23726, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, -0.465167, 

10.5293, 10.9198, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.8691, -0.05625, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.8691, 0.05625, 0, 1 

 0.000414286, 0, 0, 0, 0, 0.000414286, 0, 0, 0, 0, 1, 0, -0.397714, -0.397714, 0, 1 

 2413.79, 0, 0, 0, 0, 2413.79, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 59.3899, 19.1673, 0.000160279, 0, -63.6878, 17.8738, 0.000149462, 0, 0, 83.0448, -6.91623e-005, 0, 

3756.05, -261.888, -0.993971, 1 

 0.00783167, -0.00839844, 0, 0, 0.00252757, 0.002357, 0.010951, 0, 3034.91, 2830.1, -1309.6, 0, -3040.85, 

-2776.66, 1302.63, 1 

 0.0114834, 0, 0, 0, 0, 0.0114834, 0, 0, 0, 0, -4351.46, 0, -35.1143, -9.46491, 4321.99, 1 

 87.0821, 0, 0, 0, 0, 87.0821, 0, 0, 0, 0, -0.000229808, 0, 3057.83, 824.224, -0.993227, 1 

 59.3899, 19.1673, 0.000160279, 0, -63.6878, 17.8738, 0.000149462, 0, 0, 83.0448, -6.91623e-005, 0, 

3756.05, -261.888, -0.993971, 1 

 0.0246044, 0.00794074, 0.000160279, 0, -0.026385, 0.00740486, 0.000149462, 0, 0, 0.0344043, -6.91623e-

005, 0, 1.15836, -0.506211, -0.993971, 1 
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 2413.79, 0, 0, 0, 0, -2413.79, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00783167, -0.00839844, 0, 0, -0.00252757, -0.002357, -0.010951, 0, 3034.91, 2830.1, -1309.6, 0, -3036, 

-2772.14, 1323.65, 1 

 59.3899, -19.1673, 0.000160279, 0, -63.6878, -17.8738, 0.000149462, 0, 0, -83.0448, -6.91623e-005, 0, 

3756.05, 2181.89, -0.993971, 1 

 87.0821, 0, 0, 0, 0, -87.0821, 0, 0, 0, 0, -0.000229808, 0, 3057.83, 1095.78, -0.993227, 1 

 0.0114834, 0, 0, 0, 0, -0.0114834, 0, 0, 0, 0, -4351.46, 0, -35.1143, 12.5832, 4321.99, 1 

 0.000414286, 0, 0, 0, 0, -0.000414286, 0, 0, 0, 0, 1, 0, -1.26681, 0.453964, 0, 1 

 0.0246044, 0.00794074, 0.000160279, 0, -0.026385, 0.00740486, 0.000149462, 0, 0, 0.0344043, -6.91623e-

005, 0, 0.289262, -0.449961, -0.993971, 1 

 18.904, -20.2721, 0, 0, 6.10103, 5.6893, 26.4335, 0, 3034.91, 2830.1, -1309.6, 0, -3014.82, -2800.4, 

1311.65, 1 

 2413.79, 0, 0, 0, 0, -2413.79, 0, 0, 0, 0, 1, 0, 3057.83, 1095.78, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, -2.77556e-017, 0.953638, 0.300957, 

0, 0, 0, 0, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.01792, -12.4723, 3.23726, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.01792, 12.4723, -3.23726, 1 

 87.0821, 0, 0, 0, 0, -87.0821, 0, 0, 0, 0, -0.000229808, 0, 3756.05, 2181.89, -0.993971, 1 

 0.0114834, 0, 0, 0, 0, -0.0114834, 0, 0, 0, 0, -4351.46, 0, -43.1322, 25.0555, 4318.75, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 8.61849, 19, 7.00004 

 -3985.11, -3705.21, 1730.35 

 0.220106, 0.205252, 0.953638 

 0, 0, 0 

 0, 8.88178e-016, 57.2622 

 0, 0, 0 

 -0.697446, -0.650379, 0.300957 

 0.220106, 0.205252, 0.953638 

 NO, NO, NO, NO, NO, NO, NO 

 -29.4723, 8673.45, -27.7186, -19.9268, 27.7186, 19.9268, 0.681998, 0.220106, -0.697446, 0, -0.731354, 

0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01807, -12.4724, -5709.96, 1, 0.146726, 0, 0, 0, 0, 

0.251319, 0, 0, -0, -0, -0.000229808, -0, 3.53467, -0.39185, -0.993227, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -35.1143, -13.0661, -9.46491, 12.5832, 57.2622, 58.2622, -30.9056, -

17.2748, -2.41983, 5.53817, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.697446, -0.650379, 0.300957, 

0.220106, 0.205252, 0.953638, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 

693, 0, -1.26681, -0.341464, -0.471386, 0.453964, 0, -2.04618, -2.03217, 2.04618, 2.06019, 0, 0, 0, 1920, 

1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -11.1042, -10.6114, -10.1187, -9.62591, -9.13315, -8.64039, -8.14764, -7.65488, -7.16212, -6.66936, -

6.17661, -5.68385, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 3, 1 
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 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P3 plaquetas zona1, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P3 plaquetas zona1 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.31476, -0.34559, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.31476, 0.34559, 0, 1 

 0.000541039, 0, 0, 0, 0, 0.000541039, 0, 0, 0, 0, 1, 0, -0.519397, -0.519397, 0, 1 

 1848.3, 0, 0, 0, 0, 1848.3, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 47.1504, 23.586, 0.000142308, 0, -47.1504, 23.586, 0.000142308, 0, 0, 57.7384, -0.000116264, 0, 2031.26, 

-734.333, -0.992927, 1 

 0.0106044, -0.0106044, 0, 0, 0.0053046, 0.0053046, 0.0129857, 0, 2634.34, 2634.34, -2152.23, 0, -2635.71, 

-2592.63, 2148.48, 1 

 0.0149968, 0, 0, 0, 0, 0.0149968, 0, 0, 0, 0, -4302.51, 0, -23.1217, -4.8177, 4274, 1 

 66.6807, 0, 0, 0, 0, 66.6807, 0, 0, 0, 0, -0.000232423, 0, 1541.77, 321.247, -0.993375, 1 

 47.1504, 23.586, 0.000142308, 0, -47.1504, 23.586, 0.000142308, 0, 0, 57.7384, -0.000116264, 0, 2031.26, 

-734.333, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.579594, -0.9167, -0.992927, 1 

 1848.3, 0, 0, 0, 0, -1848.3, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0106044, -0.0106044, 0, 0, -0.0053046, -0.0053046, -0.0129857, 0, 2634.34, 2634.34, -2152.23, 0, -

2625.52, -2582.44, 2173.41, 1 

 47.1504, -23.586, 0.000142308, 0, -47.1504, -23.586, 0.000142308, 0, 0, -57.7384, -0.000116264, 0, 

2031.26, 2654.33, -0.992927, 1 

 66.6807, 0, 0, 0, 0, -66.6807, 0, 0, 0, 0, -0.000232423, 0, 1541.77, 1598.75, -0.993375, 1 

 0.0149968, 0, 0, 0, 0, -0.0149968, 0, 0, 0, 0, -4302.51, 0, -23.1217, 23.9762, 4274, 1 

 0.000541039, 0, 0, 0, 0, -0.000541039, 0, 0, 0, 0, 1, 0, -0.834157, 0.864987, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 
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No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 610 DE 708 

 

 

 1848.3, 0, 0, 0, 0, -1848.3, 0, 0, 0, 0, 1, 0, 1541.77, 1598.75, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 66.6807, 0, 0, 0, 0, -66.6807, 0, 0, 0, 0, -0.000232423, 0, 2031.26, 2654.33, -0.992927, 1 

 0.0149968, 0, 0, 0, 0, -0.0149968, 0, 0, 0, 0, -4302.51, 0, -30.4625, 39.8066, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.112352, 0, 0, 0, 0, 

0.192441, 0, 0, -0, -0, -0.000232423, -0, 0.980235, -1.84344, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -23.1217, 5.67226, -4.8177, 23.9762, 57.2622, 58.2622, -17.6253, 0.175919, 

4.38286, 14.7757, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.834157, -0.173807, 

0.204637, 0.864987, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -7.34609, -7.32661, -7.30712, -7.28763, -7.26814, -7.24866, -7.22917, -7.20968, -7.19019, -7.1707, -

7.15122, -7.13173, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 3, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Estribo plaquetas, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 
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No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 611 DE 708 

 

 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.21665, -0.1362, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.21665, 0.1362, 0, 1 

 0.000204329, 0, 0, 0, 0, 0.000204329, 0, 0, 0, 0, 1, 0, -0.196156, -0.196156, 0, 1 

 4894.07, 0, 0, 0, 0, 4894.07, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 124.849, 62.4528, 0.000142308, 0, -124.849, 62.4528, 0.000142308, 0, 0, 152.884, -0.000116264, 0, 

3316.42, -2501.62, -0.992927, 1 

 0.00400485, -0.00400485, 0, 0, 0.00200334, 0.00200334, 0.00490417, 0, 2634.34, 2634.34, -2152.23, 0, -

2626.33, -2599.77, 2151.21, 1 

 0.00566371, 0, 0, 0, 0, 0.00566371, 0, 0, 0, 0, -4302.51, 0, -11.4424, -1.66189, 4274, 1 

 176.563, 0, 0, 0, 0, 176.563, 0, 0, 0, 0, -0.000232423, 0, 2020.3, 293.428, -0.993375, 1 

 124.849, 62.4528, 0.000142308, 0, -124.849, 62.4528, 0.000142308, 0, 0, 152.884, -0.000116264, 0, 

3316.42, -2501.62, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.481484, -0.70731, -0.992927, 1 

 4894.07, 0, 0, 0, 0, -4894.07, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00400485, -0.00400485, 0, 0, -0.00200334, -0.00200334, -0.00490417, 0, 2634.34, 2634.34, -2152.23, 0, -

2622.49, -2595.92, 2160.63, 1 

 124.849, -62.4528, 0.000142308, 0, -124.849, -62.4528, 0.000142308, 0, 0, -152.884, -0.000116264, 0, 

3316.42, 4421.62, -0.992927, 1 

 176.563, 0, 0, 0, 0, -176.563, 0, 0, 0, 0, -0.000232423, 0, 2020.3, 1626.57, -0.993375, 1 

 0.00566371, 0, 0, 0, 0, -0.00566371, 0, 0, 0, 0, -4302.51, 0, -11.4424, 9.21243, 4274, 1 

 0.000204329, 0, 0, 0, 0, -0.000204329, 0, 0, 0, 0, 1, 0, -0.412806, 0.332356, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 4894.07, 0, 0, 0, 0, -4894.07, 0, 0, 0, 0, 1, 0, 2020.3, 1626.57, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 176.563, 0, 0, 0, 0, -176.563, 0, 0, 0, 0, -0.000232423, 0, 3316.42, 4421.62, -0.992927, 1 
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 0.00566371, 0, 0, 0, 0, -0.00566371, 0, 0, 0, 0, -4302.51, 0, -18.7832, 25.0428, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.297494, 0, 0, 0, 0, 

0.50956, 0, 0, -0, -0, -0.000232423, -0, 1.78652, -1.92373, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -11.4424, -0.568069, -1.66189, 9.21243, 57.2622, 58.2622, -9.36664, -

2.64382, 1.8128, 5.73775, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 

0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.412806, -0.0599558, -

0.0204942, 0.332356, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 17, 2, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 0, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 5.64175, 15.0172, 24.3926, 33.7681, 43.1435, 52.519, 61.8944, 71.2699, 80.6453, 90.0207, 99.3962, 

108.772, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 3, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pasarela 3D, , NO, 0, 0, YES 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, YES, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 5.13112, -

11.6251, -0.63258, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0.0963863, 

7.35289, 10.3825, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 5.13112, -

11.6251, -0.63258, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0.0963863, 

7.35289, 10.3825, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0396416, 0, 0, 0, 0, 0.0396416, 0, 0, 0, 0, -0.00025442, 0, -0, -0, -0.993346, 1 

 25.226, 0, 0, 0, 0, 25.226, 0, 0, 0, 0, -3930.51, 0, 0, 0, 3904.35, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.02047, -0.055445, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.02047, 0.055445, 0, 1 

 0.00219582, 0, 0, 0, 0, 0.00219582, 0, 0, 0, 0, 1, 0, -2.10799, -2.10799, 0, 1 

 455.41, 0, 0, 0, 0, 455.41, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 12.7655, 6.38568, 0.000155776, 0, -12.7655, 6.38568, 0.000155776, 0, 0, 15.6321, -0.000127268, 0, 

1061.96, 724.88, -0.993185, 1 

 0.039168, -0.039168, 0, 0, 0.0195929, 0.0195929, 0.0479635, 0, 2406.57, 2406.57, -1966.15, 0, -2446.74, -

2363.55, 1918.62, 1 

 0.0553919, 0, 0, 0, 0, 0.0553919, 0, 0, 0, 0, -3930.51, 0, -53.6926, -51.7775, 3904.35, 1 

 18.0532, 0, 0, 0, 0, 18.0532, 0, 0, 0, 0, -0.00025442, 0, 969.322, 934.75, -0.993346, 1 

 12.7655, 6.38568, 0.000155776, 0, -12.7655, 6.38568, 0.000155776, 0, 0, 15.6321, -0.000127268, 0, 

1061.96, 724.88, -0.993185, 1 

 0.0280308, 0.0140218, 0.000155776, 0, -0.0280308, 0.0140218, 0.000155776, 0, 0, 0.0343254, -0.000127268, 

0, 0.223876, -0.516281, -0.993185, 1 

 455.41, 0, 0, 0, 0, -455.41, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.039168, -0.039168, 0, 0, -0.0195929, -0.0195929, -0.0479635, 0, 2406.57, 2406.57, -1966.15, 0, -

2409.12, -2325.93, 2010.71, 1 

 12.7655, -6.38568, 0.000155776, 0, -12.7655, -6.38568, 0.000155776, 0, 0, -15.6321, -0.000127268, 0, 

1061.96, 1195.12, -0.993185, 1 

 18.0532, 0, 0, 0, 0, -18.0532, 0, 0, 0, 0, -0.00025442, 0, 969.322, 985.25, -0.993346, 1 

 0.0553919, 0, 0, 0, 0, -0.0553919, 0, 0, 0, 0, -3930.51, 0, -53.6926, 54.5749, 3904.35, 1 

 0.00219582, 0, 0, 0, 0, -0.00219582, 0, 0, 0, 0, 1, 0, -2.12846, 2.16343, 0, 1 

 0.0280308, 0.0140218, 0.000155776, 0, -0.0280308, 0.0140218, 0.000155776, 0, 0, 0.0343254, -0.000127268, 

0, 0.203406, -0.460836, -0.993185, 1 

 17.8375, -17.8375, 0, 0, 8.92282, 8.92282, 21.8431, 0, 2406.57, 2406.57, -1966.15, 0, -2390.46, -2383.2, 

1963.45, 1 

 455.41, 0, 0, 0, 0, -455.41, 0, 0, 0, 0, 1, 0, 969.322, 985.25, 0, 1 

 25.226, 0, 0, 0, 0, 25.226, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 25.226, 0, 0, 0, 0, 25.226, 0, 0, 0, 0, -3930.51, 0, 0, 0, 3904.35, 1 

 0.0396416, 0, 0, 0, 0, 0.0396416, 0, 0, 0, 0, -0.00025442, 0, -0, -0, -0.993346, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -15.875, -3.41999, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 15.875, 3.41999, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 5.13112, -11.6251, -0.63258, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -5.13112, 11.6251, 0.63258, 1 

 18.0532, 0, 0, 0, 0, -18.0532, 0, 0, 0, 0, -0.00025442, 0, 1061.96, 1195.12, -0.993185, 1 

 0.0553919, 0, 0, 0, 0, -0.0553919, 0, 0, 0, 0, -3930.51, 0, -58.8237, 66.1999, 3904.99, 1 

 0.0396416, 0, 0, 0, 0, 0.0396416, 0, 0, 0, 0, -0.00025442, 0, -0, -0, -0.993346, 1 

 25.226, 0, 0, 0, 0, 25.226, 0, 0, 0, 0, -3930.51, 0, 0, 0, 3904.35, 1 

 8.61849, 15.875, 3.41999 

 -3187.12, -3179.86, 2614.31 

 0, 0, 1 

 0, 0, 0 

 0, 0, 52.1941 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 
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 -26.1546, 7834.86, -25.226, -18.351, 25.226, 18.351, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 5.1311, -11.625, -5206.12, 1, 0.030913, 0, 0, 0, 0, 

0.0520265, 0, 0, -0, -0, -0.00025442, -0, 0.0159628, -0.0727672, -0.993346, 1, 0, 0, 1168, 694 

 NO, 0.6096, 0.6096, 4, NO, NO, -53.6926, 52.6598, -51.7775, 54.5749, 52.1941, 53.1941, -32.8652, 31.8325, 

-17.8223, 20.6196, 52.1941, 53.1941, 30, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1168, 694, 0, 376, 613, 1544, 1307, 0, 0, 0, 1168, 694, 0, -2.12846, -2.05254, 2.08752, 2.16343, 

0, -1.71352, -2.06579, 2.50259, 2.15032, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 

16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 2 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila cruce Mz, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila cruce Mz : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00222348, 0, 0, 0, 0, 0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, -2.13454, 0, 1 

 449.745, 0, 0, 0, 0, 449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0435802, -0.0435802, 0, 0, 0.0218, 0.0218, 0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2662.49, -

2568.44, 2083.86, 1 

 0.0616317, 0, 0, 0, 0, 0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, -58.7781, 4245.07, 1 

 16.2254, 0, 0, 0, 0, 16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 953.698, -0.9934, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.480159, -0.993371, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0435802, -0.0435802, 0, 0, -0.0218, -0.0218, -0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2620.64, -

2526.58, 2186.32, 1 

 11.4731, -5.73917, 0.000143281, 0, -11.4731, -5.73917, 0.000143281, 0, 0, -14.0495, -0.00011706, 0, 

1079.11, 1175.95, -0.993371, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 966.302, -0.9934, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, 59.5548, 4245.07, 1 

 0.00222348, 0, 0, 0, 0, -0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, 2.14855, 0, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.466148, -0.993371, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2616.44, 2616.44, -2137.61, 0, -2599.87, -2589.48, 

2134.75, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 966.302, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -3.64004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 3.64004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -12.921, -0.1239, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 12.921, 0.1239, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 1079.11, 1175.95, -0.993371, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -66.5073, 72.4758, 4245.2, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 8.61849, 19, 3.64004 

 -3480.19, -3469.81, 2853.97 

 0, 0, 1 

 0, 0, 0 

 0, 0, 56.9807 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.2028, 8518.35, -27.7186, -19.4073, 27.7186, 19.4073, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34082, -12.9207, -5682.98, 1, 0.0316903, 0, 0, 0, 0, 

0.0432678, 0, 0, -0, -0, -0.000234013, -0, -5.62932e-017, -0.0168044, -0.9934, 1, 0, 0, 1024, 750 

 NO, 0.6096, 0.6096, 4, NO, NO, -59.1665, 59.1665, -58.7781, 59.5548, 56.9807, 57.9807, -31.5554, 31.5554, 

-22.7235, 23.5003, 56.9807, 57.9807, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1024, 750, 0, 448, 585, 1472, 1335, 0, 0, 0, 1164, 750, 0, -2.13454, -2.12053, 2.13454, 2.14855, 

0, -2.13454, -2.12053, 2.13454, 2.14855, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 0, 0, 0, 

53, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 5, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 
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 -1965.77, -1608.35, -1250.94, -893.53, -536.118, 0, 178.706, 536.118, 893.53, 1250.94, 1608.35, 1965.77, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pilas 3a5 My, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pilas 3a5 My : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 
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 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 4, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -1420.96, -1160.63, -900.302, -639.974, -379.647, 0, 141.009, 401.337, 661.664, 921.992, 1182.32, 

1442.65, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 
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 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Topes rampa ELS, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Topes rampa ELS : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 
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 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -86.725, -73.8275, -60.93, -48.0326, -35.1351, -22.2376, -9.34013, 0, 16.4548, 29.3523, 42.2498, 55.1472, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P4 peso propio zona1, , NO, 0, 0, NO 

 0.615661, -0.788011, 0, 0.320703, 0.25056, 0.913438, -0.719799, -0.562369, 0.406977, , , NO, NO, NO, 2, 

P4 peso propio zona1 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.615661, 0.320703, -0.719799, 0, -0.788011, 0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 9.66613, -

13.9187, -0.134177, 1 

 0.615661, -0.788011, 0, 0, 0.320703, 0.25056, 0.913438, 0, -0.719799, -0.562369, 0.406977, 0, -1.58387, 

11.029, 12.7685, 1 

 0.615661, 0.320703, -0.719799, 0, -0.788011, 0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 9.66613, -

13.9187, -0.134177, 1 

 0.615661, -0.788011, 0, 0, 0.320703, 0.25056, 0.913438, 0, -0.719799, -0.562369, 0.406977, 0, -1.58387, 

11.029, 12.7685, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000231598, 0, -0, -0, -0.993329, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4317.82, 0, 0, 0, 4289.01, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.605315, -0.183715, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.605315, 0.183715, 0, 1 

 0.000586411, 0, 0, 0, 0, 0.000586411, 0, 0, 0, 0, 1, 0, -0.562955, -0.562955, 0, 1 

 1705.29, 0, 0, 0, 0, 1705.29, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 37.8764, 19.7301, 0.000166704, 0, -48.4796, 15.4148, 0.000130244, 0, 0, 56.1961, -9.42553e-005, 0, 

2586.91, -209.588, -0.993297, 1 

 0.0100073, -0.0128087, 0, 0, 0.00521285, 0.00407273, 0.0148475, 0, 3107.96, 2428.21, -1757.25, 0, -

3112.12, -2378.09, 1748.7, 1 

 0.0162545, 0, 0, 0, 0, 0.0162545, 0, 0, 0, 0, -4317.82, 0, -32.3828, -10.512, 4289.01, 1 

 61.5215, 0, 0, 0, 0, 61.5215, 0, 0, 0, 0, -0.000231598, 0, 1992.24, 646.713, -0.993329, 1 

 37.8764, 19.7301, 0.000166704, 0, -48.4796, 15.4148, 0.000130244, 0, 0, 56.1961, -9.42553e-005, 0, 

2586.91, -209.588, -0.993297, 1 

 0.0222111, 0.0115699, 0.000166704, 0, -0.028429, 0.00903943, 0.000130244, 0, 0, 0.032954, -9.42553e-005, 

0, 0.954039, -0.685859, -0.993297, 1 

 1705.29, 0, 0, 0, 0, -1705.29, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0100073, -0.0128087, 0, 0, -0.00521285, -0.00407273, -0.0148475, 0, 3107.96, 2428.21, -1757.25, 0, -

3102.11, -2370.27, 1777.2, 1 

 37.8764, -19.7301, 0.000166704, 0, -48.4796, -15.4148, 0.000130244, 0, 0, -56.1961, -9.42553e-005, 0, 

2586.91, 2129.59, -0.993297, 1 

 61.5215, 0, 0, 0, 0, -61.5215, 0, 0, 0, 0, -0.000231598, 0, 1992.24, 1273.29, -0.993329, 1 

 0.0162545, 0, 0, 0, 0, -0.0162545, 0, 0, 0, 0, -4317.82, 0, -32.3828, 20.6966, 4289.01, 1 

 0.000586411, 0, 0, 0, 0, -0.000586411, 0, 0, 0, 0, 1, 0, -1.16827, 0.74667, 0, 1 

 0.0222111, 0.0115699, 0.000166704, 0, -0.028429, 0.00903943, 0.000130244, 0, 0, 0.032954, -9.42553e-005, 

0, 0.348724, -0.502144, -0.993297, 1 

 17.0653, -21.8425, 0, 0, 8.88942, 6.94518, 25.3192, 0, 3107.96, 2428.21, -1757.25, 0, -3088.81, -2400.98, 

1758.3, 1 

 1705.29, 0, 0, 0, 0, -1705.29, 0, 0, 0, 0, 1, 0, 1992.24, 1273.29, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4317.82, 0, 0, 0, 4289.01, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000231598, 0, -0, -0, -0.993329, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.615661, 0.320703, -0.719799, 0, -0.788011, 0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 0, 0, 0, 1 
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 0.615661, -0.788011, 0, 0, 0.320703, 0.25056, 0.913438, 0, -0.719799, -0.562369, 0.406977, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 9.66613, -13.9187, -0.134177, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -9.66613, 13.9187, 0.134177, 1 

 61.5215, 0, 0, 0, 0, -61.5215, 0, 0, 0, 0, -0.000231598, 0, 2586.91, 2129.59, -0.993297, 1 

 0.0162545, 0, 0, 0, 0, -0.0162545, 0, 0, 0, 0, -4317.82, 0, -42.0489, 34.6154, 4289.15, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000231598, 0, -0, -0, -0.993329, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4317.82, 0, 0, 0, 4289.01, 1 

 8.61849, 19, 7.00004 

 -4113.11, -3201.25, 2337.44 

 0.320703, 0.25056, 0.913438 

 0, 0, 0 

 -1.77636e-015, 0, 57.2622 

 0, 0, 0 

 -0.719799, -0.562369, 0.406977 

 0.320703, 0.25056, 0.913438 

 NO, NO, NO, NO, NO, NO, NO 

 -28.8061, 8606.83, -27.7186, -19.9268, 27.7186, 19.9268, 0.615662, 0.320702, -0.719799, 0, -0.788011, 

0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 9.66626, -13.9187, -5712.18, 1, 0.103659, 0, 0, 0, 0, 

0.177551, 0, 0, -0, -0, -0.000231598, -0, 1.73924, -0.904147, -0.993329, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -32.3828, -1.17417, -10.512, 20.6966, 57.2622, 58.2622, -26.4255, -

7.13144, -0.53986, 10.7245, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.719799, -0.562369, 0.406977, 

0.320703, 0.25056, 0.913438, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 

693, 0, -1.16827, -0.37924, -0.0423603, 0.74667, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 

1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -21.3188, -21.1847, -21.0506, -20.9165, -20.7824, -20.6483, -20.5142, -20.3801, -20.246, -20.1119, -

19.9778, -19.8437, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P3 peso propio zona2, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P3 peso propio zona2 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 
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 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.318464, -0.35375, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.318464, 0.35375, 0, 1 

 0.000599393, 0, 0, 0, 0, 0.000599393, 0, 0, 0, 0, 1, 0, -0.575418, -0.575418, 0, 1 

 1668.35, 0, 0, 0, 0, 1668.35, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 42.56, 21.2897, 0.000142308, 0, -42.56, 21.2897, 0.000142308, 0, 0, 52.1173, -0.000116264, 0, 1933.15, -

582.993, -0.992927, 1 

 0.0117481, -0.0117481, 0, 0, 0.00587673, 0.00587673, 0.0143862, 0, 2634.34, 2634.34, -2152.23, 0, -

2637.35, -2591.93, 2147.33, 1 

 0.0166143, 0, 0, 0, 0, 0.0166143, 0, 0, 0, 0, -4302.51, 0, -24.7771, -6.14432, 4274, 1 

 60.189, 0, 0, 0, 0, 60.189, 0, 0, 0, 0, -0.000232423, 0, 1491.31, 369.821, -0.993375, 1 

 42.56, 21.2897, 0.000142308, 0, -42.56, 21.2897, 0.000142308, 0, 0, 52.1173, -0.000116264, 0, 1933.15, -

582.993, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.583299, -0.92486, -0.992927, 1 

 1668.35, 0, 0, 0, 0, -1668.35, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0117481, -0.0117481, 0, 0, -0.00587673, -0.00587673, -0.0143862, 0, 2634.34, 2634.34, -2152.23, 0, -

2626.06, -2580.64, 2174.95, 1 

 42.56, -21.2897, 0.000142308, 0, -42.56, -21.2897, 0.000142308, 0, 0, -52.1173, -0.000116264, 0, 1933.15, 

2502.99, -0.992927, 1 

 60.189, 0, 0, 0, 0, -60.189, 0, 0, 0, 0, -0.000232423, 0, 1491.31, 1550.18, -0.993375, 1 

 0.0166143, 0, 0, 0, 0, -0.0166143, 0, 0, 0, 0, -4302.51, 0, -24.7771, 25.7552, 4274, 1 

 0.000599393, 0, 0, 0, 0, -0.000599393, 0, 0, 0, 0, 1, 0, -0.893882, 0.929167, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1668.35, 0, 0, 0, 0, -1668.35, 0, 0, 0, 0, 1, 0, 1491.31, 1550.18, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 60.189, 0, 0, 0, 0, -60.189, 0, 0, 0, 0, -0.000232423, 0, 1933.15, 2502.99, -0.992927, 1 

 0.0166143, 0, 0, 0, 0, -0.0166143, 0, 0, 0, 0, -4302.51, 0, -32.118, 41.5856, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 
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 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.101414, 0, 0, 0, 0, 

0.173706, 0, 0, -0, -0, -0.000232423, -0, 0.895216, -1.70326, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -24.7771, 7.12238, -6.14432, 25.7552, 57.2622, 58.2622, -18.688, 1.03323, 

4.04857, 15.5623, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.893882, -0.221668, 

0.256953, 0.929167, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -21.992, -21.7948, -21.5975, -21.4003, -21.203, -21.0058, -20.8085, -20.6113, -20.414, -20.2168, -

20.0195, -19.8223, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P5 Service env, , NO, 0, 0, NO 

 0.681998, -0.731354, 0, 0.220106, 0.205252, 0.953638, -0.697446, -0.650379, 0.300957, , , NO, NO, NO, 2, 

P5 Service env : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01792, -

12.4723, 3.23726, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, -0.465167, 

10.5293, 10.9198, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01792, -

12.4723, 3.23726, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, -0.465167, 

10.5293, 10.9198, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.7895, -0.05708, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.7895, 0.05708, 0, 1 

 0.000414288, 0, 0, 0, 0, 0.000414288, 0, 0, 0, 0, 1, 0, -0.397717, -0.397717, 0, 1 

 2413.78, 0, 0, 0, 0, 2413.78, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 59.3895, 19.1672, 0.000160279, 0, -63.6875, 17.8737, 0.000149462, 0, 0, 83.0443, -6.91623e-005, 0, 

3563.89, -263.885, -0.993971, 1 

 0.00783172, -0.00839849, 0, 0, 0.00252758, 0.00235701, 0.0109511, 0, 3034.91, 2830.1, -1309.6, 0, -

3039.34, -2778.27, 1302.65, 1 

 0.0114835, 0, 0, 0, 0, 0.0114835, 0, 0, 0, 0, -4351.46, 0, -32.908, -9.44197, 4321.99, 1 

 87.0816, 0, 0, 0, 0, 87.0816, 0, 0, 0, 0, -0.000229808, 0, 2865.68, 822.221, -0.993227, 1 

 59.3895, 19.1672, 0.000160279, 0, -63.6875, 17.8737, 0.000149462, 0, 0, 83.0443, -6.91623e-005, 0, 

3563.89, -263.885, -0.993971, 1 

 0.0246044, 0.00794074, 0.000160279, 0, -0.026385, 0.00740486, 0.000149462, 0, 0, 0.0344043, -6.91623e-

005, 0, 1.07876, -0.507041, -0.993971, 1 

 2413.78, 0, 0, 0, 0, -2413.78, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00783172, -0.00839849, 0, 0, -0.00252758, -0.00235701, -0.0109511, 0, 3034.91, 2830.1, -1309.6, 0, -

3034.49, -2773.75, 1323.67, 1 

 59.3895, -19.1672, 0.000160279, 0, -63.6875, -17.8737, 0.000149462, 0, 0, -83.0443, -6.91623e-005, 0, 

3563.89, 2183.88, -0.993971, 1 

 87.0816, 0, 0, 0, 0, -87.0816, 0, 0, 0, 0, -0.000229808, 0, 2865.68, 1097.78, -0.993227, 1 

 0.0114835, 0, 0, 0, 0, -0.0114835, 0, 0, 0, 0, -4351.46, 0, -32.908, 12.6063, 4321.99, 1 

 0.000414288, 0, 0, 0, 0, -0.000414288, 0, 0, 0, 0, 1, 0, -1.18722, 0.454797, 0, 1 

 0.0246044, 0.00794074, 0.000160279, 0, -0.026385, 0.00740486, 0.000149462, 0, 0, 0.0344043, -6.91623e-

005, 0, 0.289262, -0.449961, -0.993971, 1 

 18.904, -20.2721, 0, 0, 6.10103, 5.6893, 26.4335, 0, 3034.91, 2830.1, -1309.6, 0, -3014.82, -2800.4, 

1311.65, 1 

 2413.78, 0, 0, 0, 0, -2413.78, 0, 0, 0, 0, 1, 0, 2865.68, 1097.78, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, -2.77556e-017, 0.953638, 0.300957, 

0, 0, 0, 0, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.01792, -12.4723, 3.23726, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.01792, 12.4723, -3.23726, 1 

 87.0816, 0, 0, 0, 0, -87.0816, 0, 0, 0, 0, -0.000229808, 0, 3563.89, 2183.88, -0.993971, 1 

 0.0114835, 0, 0, 0, 0, -0.0114835, 0, 0, 0, 0, -4351.46, 0, -40.9259, 25.0786, 4318.75, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 8.61849, 19, 7.00004 

 -3985.11, -3705.21, 1730.35 

 0.220106, 0.205252, 0.953638 

 0, 0, 0 

 0, 8.88178e-016, 57.2622 

 0, 0, 0 

 -0.697446, -0.650379, 0.300957 

 0.220106, 0.205252, 0.953638 

 NO, NO, NO, NO, NO, NO, NO 

 -29.4723, 8673.45, -27.7186, -19.9268, 27.7186, 19.9268, 0.681998, 0.220106, -0.697446, 0, -0.731354, 

0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01807, -12.4724, -5709.96, 1, 0.146726, 0, 0, 0, 0, 

0.251318, 0, 0, -0, -0, -0.000229808, -0, 3.21092, -0.397629, -0.993227, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -32.908, -10.8597, -9.44197, 12.6063, 57.2622, 58.2622, -28.6993, -

15.0684, -2.39685, 5.5612, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.697446, -0.650379, 0.300957, 

0.220106, 0.205252, 0.953638, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 

693, 0, -1.18722, -0.340637, -0.391783, 0.454797, 0, -2.04618, -2.03217, 2.04618, 2.06019, 0, 0, 0, 1920, 

1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 
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 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -163.255, -149.814, -136.372, -122.931, -109.49, -96.0485, -82.6072, -69.1659, -55.7246, -42.2832, -

28.8419, -15.4006, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pasarela 3D2, , NO, 0, 0, YES 

 0.707107, 0.707107, 0, -0.353715, 0.353715, 0.865894, 0.612279, -0.612279, 0.500228, , , NO, YES, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, -0.353715, 0.612279, 0, 0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -19.5278, -

6.63681, -10.5522, 1 

 0.707107, 0.707107, 0, 0, -0.353715, 0.353715, 0.865894, 0, 0.612279, -0.612279, 0.500228, 0, 17.9216, 

9.69487, 11.0253, 1 

 0.707107, -0.353715, 0.612279, 0, 0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -19.5278, -

6.63681, -10.5522, 1 

 0.707107, 0.707107, 0, 0, -0.353715, 0.353715, 0.865894, 0, 0.612279, -0.612279, 0.500228, 0, 17.9216, 

9.69487, 11.0253, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0362244, 0, 0, 0, 0, 0.0362244, 0, 0, 0, 0, -0.000234361, 0, -6.43474e-017, -0, -0.993387, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -4266.91, 0, 1.77636e-015, 0, 4238.7, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -5.11009e-005, -0.00213295, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 5.11009e-005, 0.00213295, 0, 1 

 0.00206081, 0, 0, 0, 0, 0.00206081, 0, 0, 0, 0, 1, 0, -1.97838, -1.97838, 0, 1 

 485.246, 0, 0, 0, 0, 485.246, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 12.4293, -6.2175, -0.000143495, 0, 12.4293, 6.2175, 0.000143495, 0, 0, 15.2204, -0.000117234, 0, 616.72, 

842.305, -0.990914, 1 

 0.0402274, 0.0402274, 0, 0, -0.0201229, 0.0201229, 0.0492608, 0, -2612.54, 2612.54, -2134.43, 0, 2593.87, 

-2643.49, 2084.1, 1 

 0.0568901, 0, 0, 0, 0, 0.0568901, 0, 0, 0, 0, -4266.91, 0, -54.6131, -54.5557, 4238.7, 1 

 17.5777, 0, 0, 0, 0, 17.5777, 0, 0, 0, 0, -0.000234361, 0, 959.975, 958.965, -0.993387, 1 

 12.4293, -6.2175, -0.000143495, 0, 12.4293, 6.2175, 0.000143495, 0, 0, 15.2204, -0.000117234, 0, 616.72, 

842.305, -0.990914, 1 

 0.0256145, -0.0128131, -0.000143495, 0, 0.0256145, 0.0128131, 0.000143495, 0, 0, 0.0313664, -0.000117234, 

0, -0.707434, -0.242547, -0.990914, 1 

 485.246, 0, 0, 0, 0, -485.246, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0402274, 0.0402274, 0, 0, 0.0201229, -0.0201229, -0.0492608, 0, -2612.54, 2612.54, -2134.43, 0, 

2555.23, -2604.85, 2178.68, 1 

 12.4293, 6.2175, -0.000143495, 0, 12.4293, -6.2175, 0.000143495, 0, 0, -15.2204, -0.000117234, 0, 616.72, 

1077.7, -0.990914, 1 

 17.5777, 0, 0, 0, 0, -17.5777, 0, 0, 0, 0, -0.000234361, 0, 959.975, 961.035, -0.993387, 1 

 0.0568901, 0, 0, 0, 0, -0.0568901, 0, 0, 0, 0, -4266.91, 0, -54.6131, 54.6734, 4238.7, 1 

 0.00206081, 0, 0, 0, 0, -0.00206081, 0, 0, 0, 0, 1, 0, -1.97833, 1.98051, 0, 1 

 0.0256145, -0.0128131, -0.000143495, 0, 0.0256145, 0.0128131, 0.000143495, 0, 0, 0.0313664, -0.000117234, 

0, -0.707383, -0.240414, -0.990914, 1 

 19.5202, 19.5202, 0, 0, -9.76455, 9.76455, 23.9036, 0, -2612.54, 2612.54, -2134.43, 0, 2613.19, -2585.57, 

2131.34, 1 

 485.246, 0, 0, 0, 0, -485.246, 0, 0, 0, 0, 1, 0, 959.975, 961.035, 0, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -4266.91, 0, 1.77636e-015, 0, 4238.7, 1 

 0.0362244, 0, 0, 0, 0, 0.0362244, 0, 0, 0, 0, -0.000234361, 0, -6.43474e-017, -0, -0.993387, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -19, -3.42307, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 19, 3.42307, 1 

 0.707107, -0.353715, 0.612279, 0, 0.707107, 0.353715, -0.612279, 0, -0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, 0.707107, 0, 0, -0.353715, 0.353715, 0.865894, 0, 0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -19.5278, -6.63681, -10.5522, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 19.5278, 6.63681, 10.5522, 1 

 17.5777, 0, 0, 0, 0, -17.5777, 0, 0, 0, 0, -0.000234361, 0, 616.72, 1077.7, -0.990914, 1 

 0.0568901, 0, 0, 0, 0, -0.0568901, 0, 0, 0, 0, -4266.91, 0, -35.0853, 61.3102, 4249.25, 1 

 0.0362244, 0, 0, 0, 0, 0.0362244, 0, 0, 0, 0, -0.000234361, 0, -6.43474e-017, -0, -0.993387, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -4266.91, 0, 1.77636e-015, 0, 4238.7, 1 

 8.6165, 19, 3.42307 

 3488.78, -3461.16, 2846.69 

 0, 0, 1 

 0, 0, 0 

 1.77636e-015, 0, 56.8394 

 0, 0, 0 

 0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.2167, 8505.61, -27.6057, -19.544, 27.6057, 19.544, 0.707107, -0.353715, 0.612279, 0, 0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, -19.5278, -6.63672, -5679.3, 1, 0.0300989, 0, 0, 0, 0, 

0.0506563, 0, 0, -0, -0, -0.000234361, -0, -4.24598e-005, -0.00298273, -0.993387, 1, 0, 0, 1168, 694 

 NO, 0.6096, 0.6096, 4, NO, NO, -54.6131, 54.616, -54.5557, 54.6734, 56.8394, 57.8394, -33.2224, 33.2253, 

-19.682, 19.7998, 56.8394, 57.8394, 30, NO, YES, YES, NO, 0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 50, 

0, 0, 1168, 694, 0, 376, 613, 1544, 1307, 0, 0, 0, 1168, 694, 0, -1.97833, -1.97624, 1.97843, 1.98051, 0, 

-1.97833, -1.97624, 1.97843, 1.98051, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 

16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 2 
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 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila cruce Fy, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila cruce Fy : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00222348, 0, 0, 0, 0, 0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, -2.13454, 0, 1 

 449.745, 0, 0, 0, 0, 449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0435802, -0.0435802, 0, 0, 0.0218, 0.0218, 0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2662.49, -

2568.44, 2083.86, 1 

 0.0616317, 0, 0, 0, 0, 0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, -58.7781, 4245.07, 1 

 16.2254, 0, 0, 0, 0, 16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 953.698, -0.9934, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.480159, -0.993371, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0435802, -0.0435802, 0, 0, -0.0218, -0.0218, -0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2620.64, -

2526.58, 2186.32, 1 
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 11.4731, -5.73917, 0.000143281, 0, -11.4731, -5.73917, 0.000143281, 0, 0, -14.0495, -0.00011706, 0, 

1079.11, 1175.95, -0.993371, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 966.302, -0.9934, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, 59.5548, 4245.07, 1 

 0.00222348, 0, 0, 0, 0, -0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, 2.14855, 0, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.466148, -0.993371, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2616.44, 2616.44, -2137.61, 0, -2599.87, -2589.48, 

2134.75, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 966.302, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -3.64004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 3.64004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -12.921, -0.1239, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 12.921, 0.1239, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 1079.11, 1175.95, -0.993371, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -66.5073, 72.4758, 4245.2, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 8.61849, 19, 3.64004 

 -3480.19, -3469.81, 2853.97 

 0, 0, 1 

 0, 0, 0 

 0, 0, 56.9807 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.2028, 8518.35, -27.7186, -19.4073, 27.7186, 19.4073, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34082, -12.9207, -5682.98, 1, 0.0316903, 0, 0, 0, 0, 

0.0432678, 0, 0, -0, -0, -0.000234013, -0, -5.62932e-017, -0.0168044, -0.9934, 1, 0, 0, 1024, 750 

 NO, 0.6096, 0.6096, 4, NO, NO, -59.1665, 59.1665, -58.7781, 59.5548, 56.9807, 57.9807, -31.5554, 31.5554, 

-22.7235, 23.5003, 56.9807, 57.9807, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1024, 750, 0, 448, 585, 1472, 1335, 0, 0, 0, 1164, 750, 0, -2.13454, -2.12053, 2.13454, 2.14855, 

0, -2.13454, -2.12053, 2.13454, 2.14855, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 0, 0, 0, 

53, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 1, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -205.258, -167.938, -130.619, -93.299, -55.9794, 0, 18.6598, 55.9794, 93.299, 130.619, 167.938, 205.258, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pilas 3a5 Mz, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pilas 3a5 Mz : Active 1, 1, NO, 2 
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 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 5, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -3546.5, -2890.98, -2235.47, -1579.95, -924.433, 0, 386.601, 1042.12, 1697.63, 2353.15, 3008.67, 3664.19, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=ELU My Cruce, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

ELU My Cruce : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 
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NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 
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 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 4, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -140.442, 0, 761.561, 1212.56, 1663.57, 2114.57, 2565.57, 3016.57, 3467.57, 3918.57, 4369.58, 4820.58, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P4 barandilla zona1, , NO, 0, 0, NO 

 0.615661, -0.788011, 0, 0.320703, 0.25056, 0.913438, -0.719799, -0.562369, 0.406977, , , NO, NO, NO, 2, 

P4 barandilla zona1 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.615661, 0.320703, -0.719799, 0, -0.788011, 0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 9.66613, -

13.9187, -0.134177, 1 
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 0.615661, -0.788011, 0, 0, 0.320703, 0.25056, 0.913438, 0, -0.719799, -0.562369, 0.406977, 0, -1.58387, 

11.029, 12.7685, 1 

 0.615661, 0.320703, -0.719799, 0, -0.788011, 0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 9.66613, -

13.9187, -0.134177, 1 

 0.615661, -0.788011, 0, 0, 0.320703, 0.25056, 0.913438, 0, -0.719799, -0.562369, 0.406977, 0, -1.58387, 

11.029, 12.7685, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000231598, 0, -0, -0, -0.993329, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4317.82, 0, 0, 0, 4289.01, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.605315, -0.183715, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.605315, 0.183715, 0, 1 

 0.000586411, 0, 0, 0, 0, 0.000586411, 0, 0, 0, 0, 1, 0, -0.562955, -0.562955, 0, 1 

 1705.29, 0, 0, 0, 0, 1705.29, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 37.8764, 19.7301, 0.000166704, 0, -48.4796, 15.4148, 0.000130244, 0, 0, 56.1961, -9.42553e-005, 0, 

2586.91, -209.588, -0.993297, 1 

 0.0100073, -0.0128087, 0, 0, 0.00521285, 0.00407273, 0.0148475, 0, 3107.96, 2428.21, -1757.25, 0, -

3112.12, -2378.09, 1748.7, 1 

 0.0162545, 0, 0, 0, 0, 0.0162545, 0, 0, 0, 0, -4317.82, 0, -32.3828, -10.512, 4289.01, 1 

 61.5215, 0, 0, 0, 0, 61.5215, 0, 0, 0, 0, -0.000231598, 0, 1992.24, 646.713, -0.993329, 1 

 37.8764, 19.7301, 0.000166704, 0, -48.4796, 15.4148, 0.000130244, 0, 0, 56.1961, -9.42553e-005, 0, 

2586.91, -209.588, -0.993297, 1 

 0.0222111, 0.0115699, 0.000166704, 0, -0.028429, 0.00903943, 0.000130244, 0, 0, 0.032954, -9.42553e-005, 

0, 0.954039, -0.685859, -0.993297, 1 

 1705.29, 0, 0, 0, 0, -1705.29, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0100073, -0.0128087, 0, 0, -0.00521285, -0.00407273, -0.0148475, 0, 3107.96, 2428.21, -1757.25, 0, -

3102.11, -2370.27, 1777.2, 1 

 37.8764, -19.7301, 0.000166704, 0, -48.4796, -15.4148, 0.000130244, 0, 0, -56.1961, -9.42553e-005, 0, 

2586.91, 2129.59, -0.993297, 1 

 61.5215, 0, 0, 0, 0, -61.5215, 0, 0, 0, 0, -0.000231598, 0, 1992.24, 1273.29, -0.993329, 1 

 0.0162545, 0, 0, 0, 0, -0.0162545, 0, 0, 0, 0, -4317.82, 0, -32.3828, 20.6966, 4289.01, 1 

 0.000586411, 0, 0, 0, 0, -0.000586411, 0, 0, 0, 0, 1, 0, -1.16827, 0.74667, 0, 1 

 0.0222111, 0.0115699, 0.000166704, 0, -0.028429, 0.00903943, 0.000130244, 0, 0, 0.032954, -9.42553e-005, 

0, 0.348724, -0.502144, -0.993297, 1 

 17.0653, -21.8425, 0, 0, 8.88942, 6.94518, 25.3192, 0, 3107.96, 2428.21, -1757.25, 0, -3088.81, -2400.98, 

1758.3, 1 

 1705.29, 0, 0, 0, 0, -1705.29, 0, 0, 0, 0, 1, 0, 1992.24, 1273.29, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4317.82, 0, 0, 0, 4289.01, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000231598, 0, -0, -0, -0.993329, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.615661, 0.320703, -0.719799, 0, -0.788011, 0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 0, 0, 0, 1 

 0.615661, -0.788011, 0, 0, 0.320703, 0.25056, 0.913438, 0, -0.719799, -0.562369, 0.406977, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 9.66613, -13.9187, -0.134177, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -9.66613, 13.9187, 0.134177, 1 

 61.5215, 0, 0, 0, 0, -61.5215, 0, 0, 0, 0, -0.000231598, 0, 2586.91, 2129.59, -0.993297, 1 

 0.0162545, 0, 0, 0, 0, -0.0162545, 0, 0, 0, 0, -4317.82, 0, -42.0489, 34.6154, 4289.15, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000231598, 0, -0, -0, -0.993329, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4317.82, 0, 0, 0, 4289.01, 1 

 8.61849, 19, 7.00004 

 -4113.11, -3201.25, 2337.44 

 0.320703, 0.25056, 0.913438 

 0, 0, 0 

 -1.77636e-015, 0, 57.2622 

 0, 0, 0 

 -0.719799, -0.562369, 0.406977 

 0.320703, 0.25056, 0.913438 

 NO, NO, NO, NO, NO, NO, NO 

 -28.8061, 8606.83, -27.7186, -19.9268, 27.7186, 19.9268, 0.615662, 0.320702, -0.719799, 0, -0.788011, 

0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 9.66626, -13.9187, -5712.18, 1, 0.103659, 0, 0, 0, 0, 

0.177551, 0, 0, -0, -0, -0.000231598, -0, 1.73924, -0.904147, -0.993329, 1, 0, 0, 1187, 693 
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No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 634 DE 708 

 

 

 NO, 0.6096, 0.6096, 4, NO, NO, -32.3828, -1.17417, -10.512, 20.6966, 57.2622, 58.2622, -26.4255, -

7.13144, -0.53986, 10.7245, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.719799, -0.562369, 0.406977, 

0.320703, 0.25056, 0.913438, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 

693, 0, -1.16827, -0.37924, -0.0423603, 0.74667, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 

1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -8.53259, -8.51091, -8.48923, -8.46755, -8.44587, -8.42419, -8.40251, -8.38083, -8.35915, -8.33747, -

8.31579, -8.29411, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 2, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P3 barandilla zona2, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P3 barandilla zona2 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.318464, -0.35375, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.318464, 0.35375, 0, 1 

 0.000599393, 0, 0, 0, 0, 0.000599393, 0, 0, 0, 0, 1, 0, -0.575418, -0.575418, 0, 1 
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 1668.35, 0, 0, 0, 0, 1668.35, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 42.56, 21.2897, 0.000142308, 0, -42.56, 21.2897, 0.000142308, 0, 0, 52.1173, -0.000116264, 0, 1933.15, -

582.993, -0.992927, 1 

 0.0117481, -0.0117481, 0, 0, 0.00587673, 0.00587673, 0.0143862, 0, 2634.34, 2634.34, -2152.23, 0, -

2637.35, -2591.93, 2147.33, 1 

 0.0166143, 0, 0, 0, 0, 0.0166143, 0, 0, 0, 0, -4302.51, 0, -24.7771, -6.14432, 4274, 1 

 60.189, 0, 0, 0, 0, 60.189, 0, 0, 0, 0, -0.000232423, 0, 1491.31, 369.821, -0.993375, 1 

 42.56, 21.2897, 0.000142308, 0, -42.56, 21.2897, 0.000142308, 0, 0, 52.1173, -0.000116264, 0, 1933.15, -

582.993, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.583299, -0.92486, -0.992927, 1 

 1668.35, 0, 0, 0, 0, -1668.35, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0117481, -0.0117481, 0, 0, -0.00587673, -0.00587673, -0.0143862, 0, 2634.34, 2634.34, -2152.23, 0, -

2626.06, -2580.64, 2174.95, 1 

 42.56, -21.2897, 0.000142308, 0, -42.56, -21.2897, 0.000142308, 0, 0, -52.1173, -0.000116264, 0, 1933.15, 

2502.99, -0.992927, 1 

 60.189, 0, 0, 0, 0, -60.189, 0, 0, 0, 0, -0.000232423, 0, 1491.31, 1550.18, -0.993375, 1 

 0.0166143, 0, 0, 0, 0, -0.0166143, 0, 0, 0, 0, -4302.51, 0, -24.7771, 25.7552, 4274, 1 

 0.000599393, 0, 0, 0, 0, -0.000599393, 0, 0, 0, 0, 1, 0, -0.893882, 0.929167, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1668.35, 0, 0, 0, 0, -1668.35, 0, 0, 0, 0, 1, 0, 1491.31, 1550.18, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 60.189, 0, 0, 0, 0, -60.189, 0, 0, 0, 0, -0.000232423, 0, 1933.15, 2502.99, -0.992927, 1 

 0.0166143, 0, 0, 0, 0, -0.0166143, 0, 0, 0, 0, -4302.51, 0, -32.118, 41.5856, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.101414, 0, 0, 0, 0, 

0.173706, 0, 0, -0, -0, -0.000232423, -0, 0.895216, -1.70326, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -24.7771, 7.12238, -6.14432, 25.7552, 57.2622, 58.2622, -18.688, 1.03323, 

4.04857, 15.5623, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.893882, -0.221668, 

0.256953, 0.929167, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -8.61799, -8.57102, -8.52405, -8.47708, -8.4301, -8.38313, -8.33616, -8.28919, -8.24222, -8.19525, -

8.14828, -8.1013, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 
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 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 2, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P4 zona 1 Service env, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P4 zona 1 env : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.609945, -0.1927, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.609945, 0.1927, 0, 1 

 0.000729815, 0, 0, 0, 0, 0.000729815, 0, 0, 0, 0, 1, 0, -0.700622, -0.700622, 0, 1 

 1370.21, 0, 0, 0, 0, 1370.21, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 34.9544, 17.4852, 0.000142308, 0, -34.9544, 17.4852, 0.000142308, 0, 0, 42.8037, -0.000116264, 0, 

2158.63, -86.5808, -0.992927, 1 

 0.0143044, -0.0143044, 0, 0, 0.00715545, 0.00715545, 0.0175165, 0, 2634.34, 2634.34, -2152.23, 0, -

2648.32, -2586.57, 2140.46, 1 

 0.0202294, 0, 0, 0, 0, 0.0202294, 0, 0, 0, 0, -4302.51, 0, -36.3271, -14.0789, 4274, 1 

 49.4329, 0, 0, 0, 0, 49.4329, 0, 0, 0, 0, -0.000232423, 0, 1795.75, 695.96, -0.993375, 1 

 34.9544, 17.4852, 0.000142308, 0, -34.9544, 17.4852, 0.000142308, 0, 0, 42.8037, -0.000116264, 0, 

2158.63, -86.5808, -0.992927, 1 
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 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.874779, -0.76381, -0.992927, 1 

 1370.21, 0, 0, 0, 0, -1370.21, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0143044, -0.0143044, 0, 0, -0.00715545, -0.00715545, -0.0175165, 0, 2634.34, 2634.34, -2152.23, 0, -

2634.58, -2572.83, 2174.09, 1 

 34.9544, -17.4852, 0.000142308, 0, -34.9544, -17.4852, 0.000142308, 0, 0, -42.8037, -0.000116264, 0, 

2158.63, 2006.58, -0.992927, 1 

 49.4329, 0, 0, 0, 0, -49.4329, 0, 0, 0, 0, -0.000232423, 0, 1795.75, 1224.04, -0.993375, 1 

 0.0202294, 0, 0, 0, 0, -0.0202294, 0, 0, 0, 0, -4302.51, 0, -36.3271, 24.7616, 4274, 1 

 0.000729815, 0, 0, 0, 0, -0.000729815, 0, 0, 0, 0, 1, 0, -1.31057, 0.893322, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1370.21, 0, 0, 0, 0, -1370.21, 0, 0, 0, 0, 1, 0, 1795.75, 1224.04, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 49.4329, 0, 0, 0, 0, -49.4329, 0, 0, 0, 0, -0.000232423, 0, 2158.63, 2006.58, -0.992927, 1 

 0.0202294, 0, 0, 0, 0, -0.0202294, 0, 0, 0, 0, -4302.51, 0, -43.6679, 40.592, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0832905, 0, 0, 0, 0, 

0.142664, 0, 0, -0, -0, -0.000232423, -0, 1.40818, -0.762019, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -36.3271, 2.51344, -14.0789, 24.7616, 57.2622, 58.2622, -28.913, -4.90065, 

-1.66813, 12.3509, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -1.31057, -0.507922, 

0.0906771, 0.893322, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -81.7936, -75.8728, -69.952, -64.0311, -58.1103, -52.1895, -46.2687, -40.3479, -34.427, -28.5062, -

22.5854, -16.6646, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 
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 3, 12, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Planta, , NO, 0, 0, YES 

 1, 0, 0, 0, 1, 0, 0, 0, 1, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -19, -24.2197, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 19, 24.2197, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -19, -24.2197, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 19, 24.2197, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0, 0, -0.000309891, 0, -0, -0, -0.997638, 1 

 20.4525, 0, 0, 0, 0, 20.4525, 0, 0, 0, 0, -3226.94, 0, 0, 0, 3219.31, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, 2.22045e-016, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, -2.22045e-016, 0, 1 

 0.00328879, 0, 0, 0, 0, 0.00328879, 0, 0, 0, 0, 1, 0, -3.15724, -3.15724, 0, 1 

 304.063, 0, 0, 0, 0, 304.063, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 14.8668, 0, 0, 0, 0, 14.8668, 0, 0, 0, 0, -0.000309891, 0, 831.9, 677.531, -0.990132, 1 

 0.067264, 0, 0, 0, 0, 0.067264, 0, 0, 0, 0, -3226.94, 0, -55.9569, -45.5734, 3243.53, 1 

 0.067264, 0, 0, 0, 0, 0.067264, 0, 0, 0, 0, -3226.94, 0, -64.5734, -64.5734, 3219.31, 1 

 14.8668, 0, 0, 0, 0, 14.8668, 0, 0, 0, 0, -0.000309891, 0, 960, 960, -0.997638, 1 

 14.8668, 0, 0, 0, 0, 14.8668, 0, 0, 0, 0, -0.000309891, 0, 831.9, 677.531, -0.990132, 1 

 0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0, 0, -0.000309891, 0, -0.421293, -0.928982, -0.990132, 1 

 304.063, 0, 0, 0, 0, -304.063, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.067264, 0, 0, 0, 0, -0.067264, 0, 0, 0, 0, -3226.94, 0, -55.9569, 83.5734, 3243.53, 1 

 14.8668, 0, 0, 0, 0, -14.8668, 0, 0, 0, 0, -0.000309891, 0, 831.9, 1242.47, -0.990132, 1 

 14.8668, 0, 0, 0, 0, -14.8668, 0, 0, 0, 0, -0.000309891, 0, 960, 960, -0.997638, 1 

 0.067264, 0, 0, 0, 0, -0.067264, 0, 0, 0, 0, -3226.94, 0, -64.5734, 64.5734, 3219.31, 1 

 0.00328879, 0, 0, 0, 0, -0.00328879, 0, 0, 0, 0, 1, 0, -3.15724, 3.15724, 0, 1 

 0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0, 0, -0.000309891, 0, -0.421293, -0.928982, -0.990132, 1 

 20.4525, 0, 0, 0, 0, 20.4525, 0, 0, 0, 0, -3226.94, 0, 8.6165, 19, 3243.53, 1 

 304.063, 0, 0, 0, 0, -304.063, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 20.4525, 0, 0, 0, 0, 20.4525, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 20.4525, 0, 0, 0, 0, 20.4525, 0, 0, 0, 0, -3226.94, 0, 0, 0, 3219.31, 1 

 0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0, 0, -0.000309891, 0, -0, -0, -0.997638, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -19, -3.42307, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 19, 3.42307, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -19, -24.2197, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 19, 24.2197, 1 
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 14.8668, 0, 0, 0, 0, -14.8668, 0, 0, 0, 0, -0.000309891, 0, 831.9, 1242.47, -0.990132, 1 

 0.067264, 0, 0, 0, 0, -0.067264, 0, 0, 0, 0, -3226.94, 0, -55.9569, 83.5734, 3243.53, 1 

 0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0, 0, -0.000309891, 0, -0, -0, -0.997638, 1 

 20.4525, 0, 0, 0, 0, 20.4525, 0, 0, 0, 0, -3226.94, 0, 0, 0, 3219.31, 1 

 8.6165, 19, 3.42307 

 8.6165, 19, 5687.36 

 0, 1, 0 

 0, 0, 0 

 0, 0, 56.8394 

 0, 0, 0 

 0, 0, 1 

 0, 1, 0 

 NO, NO, NO, NO, NO, NO, NO 

 -7.62307, 6446.25, -18.5879, -20.4525, 18.5879, 20.4525, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -

19, -5687.36, 1, 0.0254568, 0, 0, 0, 0, 0.0428438, 0, 0, -0, -0, -0.000309891, -0, 1.80882e-016, 3.80529e-

016, -0.997638, 1, 0, 0, 1168, 694 

 NO, 0.6096, 0.6096, 4, NO, NO, -64.5734, 64.5734, -64.5734, 64.5734, 56.8394, 57.8394, -39.2822, 39.2822, 

-23.3406, 23.3406, 56.8394, 57.8394, 30, NO, YES, YES, NO, 0, 0, 1, 0, 1, 0, 0.4, 50, 0, 0, 1168, 694, 0, 

376, 613, 1544, 1307, 0, 0, 0, 1168, 694, 0, -3.15724, -3.15724, 3.15724, 3.15724, 0, -3.15724, -3.15724, 

3.15724, 3.15724, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 2 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila cruce Fz, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila cruce Fz : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00222348, 0, 0, 0, 0, 0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, -2.13454, 0, 1 

 449.745, 0, 0, 0, 0, 449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0435802, -0.0435802, 0, 0, 0.0218, 0.0218, 0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2662.49, -

2568.44, 2083.86, 1 

 0.0616317, 0, 0, 0, 0, 0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, -58.7781, 4245.07, 1 

 16.2254, 0, 0, 0, 0, 16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 953.698, -0.9934, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.480159, -0.993371, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0435802, -0.0435802, 0, 0, -0.0218, -0.0218, -0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2620.64, -

2526.58, 2186.32, 1 

 11.4731, -5.73917, 0.000143281, 0, -11.4731, -5.73917, 0.000143281, 0, 0, -14.0495, -0.00011706, 0, 

1079.11, 1175.95, -0.993371, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 966.302, -0.9934, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, 59.5548, 4245.07, 1 

 0.00222348, 0, 0, 0, 0, -0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, 2.14855, 0, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.466148, -0.993371, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2616.44, 2616.44, -2137.61, 0, -2599.87, -2589.48, 

2134.75, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 966.302, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -3.64004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 3.64004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -12.921, -0.1239, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 12.921, 0.1239, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 1079.11, 1175.95, -0.993371, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -66.5073, 72.4758, 4245.2, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 8.61849, 19, 3.64004 

 -3480.19, -3469.81, 2853.97 

 0, 0, 1 

 0, 0, 0 

 0, 0, 56.9807 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 
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 -28.2028, 8518.35, -27.7186, -19.4073, 27.7186, 19.4073, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34082, -12.9207, -5682.98, 1, 0.0316903, 0, 0, 0, 0, 

0.0432678, 0, 0, -0, -0, -0.000234013, -0, -5.62932e-017, -0.0168044, -0.9934, 1, 0, 0, 1024, 750 

 NO, 0.6096, 0.6096, 4, NO, NO, -59.1665, 59.1665, -58.7781, 59.5548, 56.9807, 57.9807, -31.5554, 31.5554, 

-22.7235, 23.5003, 56.9807, 57.9807, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1024, 750, 0, 448, 585, 1472, 1335, 0, 0, 0, 1164, 750, 0, -2.13454, -2.12053, 2.13454, 2.14855, 

0, -2.13454, -2.12053, 2.13454, 2.14855, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 0, 0, 0, 

53, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 2, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -325.816, -266.577, -207.338, -148.098, -88.8591, -29.6199, 0, 88.8585, 148.098, 207.337, 266.576, 

325.815, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pilas 3a5 Fy, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pilas 3a5 Fy : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 1, 0, 0, 0 
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 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -322.797, -263.811, -204.824, -145.837, -86.8506, 0, 31.1228, 90.1095, 149.096, 208.083, 267.07, 326.056, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=ELU Mz Cruce, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

ELU Mz Cruce : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 
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 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 5, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -1172.33, -959.183, -746.031, -532.879, -319.727, 0, 106.576, 319.728, 532.879, 746.031, 959.183, 

1172.33, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 
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 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P4 plaquetas zona1, , NO, 0, 0, NO 

 0.615661, -0.788011, 0, 0.320703, 0.25056, 0.913438, -0.719799, -0.562369, 0.406977, , , NO, NO, NO, 2, 

P4 plaquetas zona1 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.615661, 0.320703, -0.719799, 0, -0.788011, 0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 9.66613, -

13.9187, -0.134177, 1 

 0.615661, -0.788011, 0, 0, 0.320703, 0.25056, 0.913438, 0, -0.719799, -0.562369, 0.406977, 0, -1.58387, 

11.029, 12.7685, 1 

 0.615661, 0.320703, -0.719799, 0, -0.788011, 0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 9.66613, -

13.9187, -0.134177, 1 

 0.615661, -0.788011, 0, 0, 0.320703, 0.25056, 0.913438, 0, -0.719799, -0.562369, 0.406977, 0, -1.58387, 

11.029, 12.7685, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000231598, 0, -0, -0, -0.993329, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4317.82, 0, 0, 0, 4289.01, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.605315, -0.183715, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.605315, 0.183715, 0, 1 

 0.000586411, 0, 0, 0, 0, 0.000586411, 0, 0, 0, 0, 1, 0, -0.562955, -0.562955, 0, 1 

 1705.29, 0, 0, 0, 0, 1705.29, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 37.8764, 19.7301, 0.000166704, 0, -48.4796, 15.4148, 0.000130244, 0, 0, 56.1961, -9.42553e-005, 0, 

2586.91, -209.588, -0.993297, 1 

 0.0100073, -0.0128087, 0, 0, 0.00521285, 0.00407273, 0.0148475, 0, 3107.96, 2428.21, -1757.25, 0, -

3112.12, -2378.09, 1748.7, 1 

 0.0162545, 0, 0, 0, 0, 0.0162545, 0, 0, 0, 0, -4317.82, 0, -32.3828, -10.512, 4289.01, 1 

 61.5215, 0, 0, 0, 0, 61.5215, 0, 0, 0, 0, -0.000231598, 0, 1992.24, 646.713, -0.993329, 1 

 37.8764, 19.7301, 0.000166704, 0, -48.4796, 15.4148, 0.000130244, 0, 0, 56.1961, -9.42553e-005, 0, 

2586.91, -209.588, -0.993297, 1 

 0.0222111, 0.0115699, 0.000166704, 0, -0.028429, 0.00903943, 0.000130244, 0, 0, 0.032954, -9.42553e-005, 

0, 0.954039, -0.685859, -0.993297, 1 

 1705.29, 0, 0, 0, 0, -1705.29, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0100073, -0.0128087, 0, 0, -0.00521285, -0.00407273, -0.0148475, 0, 3107.96, 2428.21, -1757.25, 0, -

3102.11, -2370.27, 1777.2, 1 

 37.8764, -19.7301, 0.000166704, 0, -48.4796, -15.4148, 0.000130244, 0, 0, -56.1961, -9.42553e-005, 0, 

2586.91, 2129.59, -0.993297, 1 

 61.5215, 0, 0, 0, 0, -61.5215, 0, 0, 0, 0, -0.000231598, 0, 1992.24, 1273.29, -0.993329, 1 

 0.0162545, 0, 0, 0, 0, -0.0162545, 0, 0, 0, 0, -4317.82, 0, -32.3828, 20.6966, 4289.01, 1 

 0.000586411, 0, 0, 0, 0, -0.000586411, 0, 0, 0, 0, 1, 0, -1.16827, 0.74667, 0, 1 
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 0.0222111, 0.0115699, 0.000166704, 0, -0.028429, 0.00903943, 0.000130244, 0, 0, 0.032954, -9.42553e-005, 

0, 0.348724, -0.502144, -0.993297, 1 

 17.0653, -21.8425, 0, 0, 8.88942, 6.94518, 25.3192, 0, 3107.96, 2428.21, -1757.25, 0, -3088.81, -2400.98, 

1758.3, 1 

 1705.29, 0, 0, 0, 0, -1705.29, 0, 0, 0, 0, 1, 0, 1992.24, 1273.29, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4317.82, 0, 0, 0, 4289.01, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000231598, 0, -0, -0, -0.993329, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.615661, 0.320703, -0.719799, 0, -0.788011, 0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 0, 0, 0, 1 

 0.615661, -0.788011, 0, 0, 0.320703, 0.25056, 0.913438, 0, -0.719799, -0.562369, 0.406977, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 9.66613, -13.9187, -0.134177, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -9.66613, 13.9187, 0.134177, 1 

 61.5215, 0, 0, 0, 0, -61.5215, 0, 0, 0, 0, -0.000231598, 0, 2586.91, 2129.59, -0.993297, 1 

 0.0162545, 0, 0, 0, 0, -0.0162545, 0, 0, 0, 0, -4317.82, 0, -42.0489, 34.6154, 4289.15, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000231598, 0, -0, -0, -0.993329, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4317.82, 0, 0, 0, 4289.01, 1 

 8.61849, 19, 7.00004 

 -4113.11, -3201.25, 2337.44 

 0.320703, 0.25056, 0.913438 

 0, 0, 0 

 -1.77636e-015, 0, 57.2622 

 0, 0, 0 

 -0.719799, -0.562369, 0.406977 

 0.320703, 0.25056, 0.913438 

 NO, NO, NO, NO, NO, NO, NO 

 -28.8061, 8606.83, -27.7186, -19.9268, 27.7186, 19.9268, 0.615662, 0.320702, -0.719799, 0, -0.788011, 

0.25056, -0.562369, 0, 0, 0.913438, 0.406977, 0, 9.66626, -13.9187, -5712.18, 1, 0.103659, 0, 0, 0, 0, 

0.177551, 0, 0, -0, -0, -0.000231598, -0, 1.73924, -0.904147, -0.993329, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -32.3828, -1.17417, -10.512, 20.6966, 57.2622, 58.2622, -26.4255, -

7.13144, -0.53986, 10.7245, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.719799, -0.562369, 0.406977, 

0.320703, 0.25056, 0.913438, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 

693, 0, -1.16827, -0.37924, -0.0423603, 0.74667, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 

1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -5.85064, -5.83626, -5.82187, -5.80749, -5.7931, -5.77871, -5.76433, -5.74994, -5.73556, -5.72117, -

5.70678, -5.6924, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 3, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P3 plaquetas zona2, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P3 plaquetas zona2 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.318464, -0.35375, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.318464, 0.35375, 0, 1 

 0.000599393, 0, 0, 0, 0, 0.000599393, 0, 0, 0, 0, 1, 0, -0.575418, -0.575418, 0, 1 

 1668.35, 0, 0, 0, 0, 1668.35, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 42.56, 21.2897, 0.000142308, 0, -42.56, 21.2897, 0.000142308, 0, 0, 52.1173, -0.000116264, 0, 1933.15, -

582.993, -0.992927, 1 

 0.0117481, -0.0117481, 0, 0, 0.00587673, 0.00587673, 0.0143862, 0, 2634.34, 2634.34, -2152.23, 0, -

2637.35, -2591.93, 2147.33, 1 

 0.0166143, 0, 0, 0, 0, 0.0166143, 0, 0, 0, 0, -4302.51, 0, -24.7771, -6.14432, 4274, 1 

 60.189, 0, 0, 0, 0, 60.189, 0, 0, 0, 0, -0.000232423, 0, 1491.31, 369.821, -0.993375, 1 

 42.56, 21.2897, 0.000142308, 0, -42.56, 21.2897, 0.000142308, 0, 0, 52.1173, -0.000116264, 0, 1933.15, -

582.993, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.583299, -0.92486, -0.992927, 1 

 1668.35, 0, 0, 0, 0, -1668.35, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0117481, -0.0117481, 0, 0, -0.00587673, -0.00587673, -0.0143862, 0, 2634.34, 2634.34, -2152.23, 0, -

2626.06, -2580.64, 2174.95, 1 

 42.56, -21.2897, 0.000142308, 0, -42.56, -21.2897, 0.000142308, 0, 0, -52.1173, -0.000116264, 0, 1933.15, 

2502.99, -0.992927, 1 

 60.189, 0, 0, 0, 0, -60.189, 0, 0, 0, 0, -0.000232423, 0, 1491.31, 1550.18, -0.993375, 1 

 0.0166143, 0, 0, 0, 0, -0.0166143, 0, 0, 0, 0, -4302.51, 0, -24.7771, 25.7552, 4274, 1 

 0.000599393, 0, 0, 0, 0, -0.000599393, 0, 0, 0, 0, 1, 0, -0.893882, 0.929167, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1668.35, 0, 0, 0, 0, -1668.35, 0, 0, 0, 0, 1, 0, 1491.31, 1550.18, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 60.189, 0, 0, 0, 0, -60.189, 0, 0, 0, 0, -0.000232423, 0, 1933.15, 2502.99, -0.992927, 1 

 0.0166143, 0, 0, 0, 0, -0.0166143, 0, 0, 0, 0, -4302.51, 0, -32.118, 41.5856, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.101414, 0, 0, 0, 0, 

0.173706, 0, 0, -0, -0, -0.000232423, -0, 0.895216, -1.70326, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -24.7771, 7.12238, -6.14432, 25.7552, 57.2622, 58.2622, -18.688, 1.03323, 

4.04857, 15.5623, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.893882, -0.221668, 

0.256953, 0.929167, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -5.94962, -5.92546, -5.9013, -5.87714, -5.85298, -5.82882, -5.80465, -5.78049, -5.75633, -5.73217, -

5.70801, -5.68385, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 3, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P4 zona 2 Service env, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P4 zona 2 Service env : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 
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 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.514177, -0.198742, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.514177, 0.198742, 0, 1 

 0.000541089, 0, 0, 0, 0, 0.000541089, 0, 0, 0, 0, 1, 0, -0.519446, -0.519446, 0, 1 

 1848.12, 0, 0, 0, 0, 1848.12, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 47.146, 23.5838, 0.000142308, 0, -47.146, 23.5838, 0.000142308, 0, 0, 57.733, -0.000116264, 0, 2399.71, -

462.782, -0.992927, 1 

 0.0106054, -0.0106054, 0, 0, 0.0053051, 0.0053051, 0.0129869, 0, 2634.34, 2634.34, -2152.23, 0, -2641.06, 

-2590.16, 2144.95, 1 

 0.0149982, 0, 0, 0, 0, 0.0149982, 0, 0, 0, 0, -4302.51, 0, -28.6506, -8.88945, 4274, 1 

 66.6745, 0, 0, 0, 0, 66.6745, 0, 0, 0, 0, -0.000232423, 0, 1910.26, 592.699, -0.993375, 1 

 47.146, 23.5838, 0.000142308, 0, -47.146, 23.5838, 0.000142308, 0, 0, 57.733, -0.000116264, 0, 2399.71, -

462.782, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.779012, -0.769852, -0.992927, 1 

 1848.12, 0, 0, 0, 0, -1848.12, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0106054, -0.0106054, 0, 0, -0.0053051, -0.0053051, -0.0129869, 0, 2634.34, 2634.34, -2152.23, 0, -

2630.87, -2579.97, 2169.89, 1 

 47.146, -23.5838, 0.000142308, 0, -47.146, -23.5838, 0.000142308, 0, 0, -57.733, -0.000116264, 0, 

2399.71, 2382.78, -0.992927, 1 

 66.6745, 0, 0, 0, 0, -66.6745, 0, 0, 0, 0, -0.000232423, 0, 1910.26, 1327.3, -0.993375, 1 

 0.0149982, 0, 0, 0, 0, -0.0149982, 0, 0, 0, 0, -4302.51, 0, -28.6506, 19.9072, 4274, 1 

 0.000541089, 0, 0, 0, 0, -0.000541089, 0, 0, 0, 0, 1, 0, -1.03362, 0.718188, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1848.12, 0, 0, 0, 0, -1848.12, 0, 0, 0, 0, 1, 0, 1910.26, 1327.3, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 66.6745, 0, 0, 0, 0, -66.6745, 0, 0, 0, 0, -0.000232423, 0, 2399.71, 2382.78, -0.992927, 1 

 0.0149982, 0, 0, 0, 0, -0.0149982, 0, 0, 0, 0, -4302.51, 0, -35.9914, 35.7375, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 
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 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.112341, 0, 0, 0, 0, 

0.192423, 0, 0, -0, -0, -0.000232423, -0, 1.60112, -1.06003, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -28.6506, 0.146032, -8.88945, 19.9072, 57.2622, 58.2622, -23.1537, -

5.35082, 0.311971, 10.7057, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 

1, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -1.03362, -0.320703, 

0.00526836, 0.718188, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 

0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -98.7358, -91.9474, -85.1589, -78.3705, -71.582, -64.7936, -58.0052, -51.2167, -44.4283, -37.6399, -

30.8514, -24.063, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Vista lateral, , NO, 0, 0, YES 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -8.6165, -3.42307, 12.0328, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 8.6165, 12.0328, 3.42307, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -8.6165, -3.42307, 12.0328, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 8.6165, 12.0328, 3.42307, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0537984, 0, 0, 0, 0, 0.0537984, 0, 0, 0, 0, -0.000254756, 0, -0, -0, -0.994535, 1 

 18.5879, 0, 0, 0, 0, 18.5879, 0, 0, 0, 0, -3925.32, 0, 0, 0, 3903.87, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 1.11022e-016, 1.11022e-016, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -1.11022e-016, -1.11022e-016, 0, 1 
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 0.00195413, 0, 0, 0, 0, 0.00195413, 0, 0, 0, 0, 1, 0, -1.87596, -1.87596, 0, 1 

 511.737, 0, 0, 0, 0, 511.737, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.5307, 0, 0, 0, 0, 0, 0.000254756, 0, 0, 27.5307, 0, 0, 722.782, 865.761, -0.9976, 1 

 0.0363231, 0, 0, 0, 0, 0, 0.0363231, 0, 0, 3925.32, 0, 0, -26.2537, -3891.84, -31.4471, 1 

 0.0363231, 0, 0, 0, 0, 0.0363231, 0, 0, 0, 0, -3925.32, 0, -34.8702, -34.8702, 3903.87, 1 

 27.5307, 0, 0, 0, 0, 27.5307, 0, 0, 0, 0, -0.000254756, 0, 960, 960, -0.994535, 1 

 27.5307, 0, 0, 0, 0, 0, 0.000254756, 0, 0, 27.5307, 0, 0, 722.782, 865.761, -0.9976, 1 

 0.0537984, 0, 0, 0, 0, 0, 0.000254756, 0, 0, 0.0537984, 0, 0, -0.463554, -0.184156, -0.9976, 1 

 511.737, 0, 0, 0, 0, -511.737, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0363231, 0, 0, 0, 0, 0, -0.0363231, 0, 0, 3925.32, 0, 0, -26.2537, -3891.84, 38.2933, 1 

 27.5307, 0, 0, 0, 0, 0, 0.000254756, 0, 0, -27.5307, 0, 0, 722.782, 1054.24, -0.9976, 1 

 27.5307, 0, 0, 0, 0, -27.5307, 0, 0, 0, 0, -0.000254756, 0, 960, 960, -0.994535, 1 

 0.0363231, 0, 0, 0, 0, -0.0363231, 0, 0, 0, 0, -3925.32, 0, -34.8702, 34.8702, 3903.87, 1 

 0.00195413, 0, 0, 0, 0, -0.00195413, 0, 0, 0, 0, 1, 0, -1.87596, 1.87596, 0, 1 

 0.0537984, 0, 0, 0, 0, 0, 0.000254756, 0, 0, 0.0537984, 0, 0, -0.463554, -0.184156, -0.9976, 1 

 18.5879, 0, 0, 0, 0, 0, 18.5879, 0, 0, 3925.32, 0, 0, 8.6165, -3891.84, 3.42307, 1 

 511.737, 0, 0, 0, 0, -511.737, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 18.5879, 0, 0, 0, 0, 18.5879, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 18.5879, 0, 0, 0, 0, 18.5879, 0, 0, 0, 0, -3925.32, 0, 0, 0, 3903.87, 1 

 0.0537984, 0, 0, 0, 0, 0.0537984, 0, 0, 0, 0, -0.000254756, 0, -0, -0, -0.994535, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -19, -3.42307, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 19, 3.42307, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -3.42307, 12.0328, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 3.42307, -12.0328, 1 

 27.5307, 0, 0, 0, 0, -27.5307, 0, 0, 0, 0, -0.000254756, 0, 722.782, 1054.24, -0.9976, 1 

 0.0363231, 0, 0, 0, 0, -0.0363231, 0, 0, 0, 0, -3925.32, 0, -26.2537, 38.2933, 3891.84, 1 

 0.0537984, 0, 0, 0, 0, 0.0537984, 0, 0, 0, 0, -0.000254756, 0, -0, -0, -0.994535, 1 

 18.5879, 0, 0, 0, 0, 18.5879, 0, 0, 0, 0, -3925.32, 0, 0, 0, 3903.87, 1 

 8.6165, 19, 3.42307 

 8.6165, -5664.94, 3.42307 

 0, 0, 1 

 0, 0, 0 

 0, 0, 56.8394 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -21.4525, 7829.19, -18.5879, -6.62307, 18.5879, 6.62307, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -8.6165, -

3.42307, -5664.94, 1, 0.0471416, 0, 0, 0, 0, 0.0793391, 0, 0, -0, -0, -0.000254756, -0, -1.6748e-016, -

3.52336e-016, -0.994535, 1, 0, 0, 1168, 694 

 NO, 0.6096, 0.6096, 4, NO, NO, -34.8702, 34.8702, -34.8702, 34.8702, 56.8394, 57.8394, -21.2127, 21.2127, 

-12.6041, 12.6041, 56.8394, 57.8394, 30, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1168, 694, 0, 

376, 613, 1544, 1307, 0, 0, 0, 1168, 694, 0, -1.87596, -1.87596, 1.87596, 1.87596, 0, -1.87596, -1.87596, 

1.87596, 1.87596, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 2 

 0 

 0 
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 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila rampa extrema Fx, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila rampa extrema Fx : Active 2, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 
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 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -2597.39, -2361.26, -2125.13, -1889.01, -1652.88, -1416.76, -1180.63, -944.504, -708.378, -472.252, 0, 

1.84059e-009, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pilas 3a5 Fz, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pilas 3a5 Fz : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 
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 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 2, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -181.465, -148.487, -115.509, -82.5307, -49.5525, -16.5742, 0, 49.3823, 82.3605, 115.339, 148.317, 

181.295, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=ELU Mx Cruce, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

ELU Mx Cruce : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 
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 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 657 DE 708 

 

 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 3, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -174.57, -142.827, -111.084, -79.3415, -47.5988, 0, 15.8866, 47.6293, 79.372, 111.115, 142.857, 174.6, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P4 peso propio zona2, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P4 peso propio zona2 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.538143, -0.238965, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.538143, 0.238965, 0, 1 

 0.000751041, 0, 0, 0, 0, 0.000751041, 0, 0, 0, 0, 1, 0, -0.720999, -0.720999, 0, 1 

 1331.49, 0, 0, 0, 0, 1331.49, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 33.9665, 16.991, 0.000142308, 0, -33.9665, 16.991, 0.000142308, 0, 0, 41.5939, -0.000116264, 0, 2029.15, 

-118.603, -0.992927, 1 

 0.0147204, -0.0147204, 0, 0, 0.00736356, 0.00736356, 0.018026, 0, 2634.34, 2634.34, -2152.23, 0, -

2647.06, -2587.32, 2141.08, 1 

 0.0208178, 0, 0, 0, 0, 0.0208178, 0, 0, 0, 0, -4302.51, 0, -34.9017, -13.3613, 4274, 1 

 48.0358, 0, 0, 0, 0, 48.0358, 0, 0, 0, 0, -0.000232423, 0, 1676.53, 641.821, -0.993375, 1 

 33.9665, 16.991, 0.000142308, 0, -33.9665, 16.991, 0.000142308, 0, 0, 41.5939, -0.000116264, 0, 2029.15, 

-118.603, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.802977, -0.810075, -0.992927, 1 

 1331.49, 0, 0, 0, 0, -1331.49, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0147204, -0.0147204, 0, 0, -0.00736356, -0.00736356, -0.018026, 0, 2634.34, 2634.34, -2152.23, 0, -

2632.92, -2573.18, 2175.69, 1 

 33.9665, -16.991, 0.000142308, 0, -33.9665, -16.991, 0.000142308, 0, 0, -41.5939, -0.000116264, 0, 

2029.15, 2038.6, -0.992927, 1 

 48.0358, 0, 0, 0, 0, -48.0358, 0, 0, 0, 0, -0.000232423, 0, 1676.53, 1278.18, -0.993375, 1 

 0.0208178, 0, 0, 0, 0, -0.0208178, 0, 0, 0, 0, -4302.51, 0, -34.9017, 26.6089, 4274, 1 

 0.000751041, 0, 0, 0, 0, -0.000751041, 0, 0, 0, 0, 1, 0, -1.25914, 0.959965, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1331.49, 0, 0, 0, 0, -1331.49, 0, 0, 0, 0, 1, 0, 1676.53, 1278.18, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 48.0358, 0, 0, 0, 0, -48.0358, 0, 0, 0, 0, -0.000232423, 0, 2029.15, 2038.6, -0.992927, 1 

 0.0208178, 0, 0, 0, 0, -0.0208178, 0, 0, 0, 0, -4302.51, 0, -42.2425, 42.4392, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0809365, 0, 0, 0, 0, 

0.138632, 0, 0, -0, -0, -0.000232423, -0, 1.20729, -0.918265, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -34.9017, 5.06852, -13.3613, 26.6089, 57.2622, 58.2622, -27.2719, -2.5612, 

-0.589584, 13.8372, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -1.25914, -0.482034, 
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0.182856, 0.959965, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -26.4728, -26.386, -26.2992, -26.2124, -26.1256, -26.0388, -25.952, -25.8651, -25.7783, -25.6915, -

25.6047, -25.5179, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P2 peso propio, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P2 peso propio : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0873049, -0.407468, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0873049, 0.407468, 0, 1 

 0.000639727, 0, 0, 0, 0, 0.000639727, 0, 0, 0, 0, 1, 0, -0.614138, -0.614138, 0, 1 

 1563.17, 0, 0, 0, 0, 1563.17, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 39.8767, 19.9474, 0.000142308, 0, -39.8767, 19.9474, 0.000142308, 0, 0, 48.8313, -0.000116264, 0, 

1510.45, -569.679, -0.992927, 1 

 0.0125387, -0.0125387, 0, 0, 0.00627219, 0.00627219, 0.0153543, 0, 2634.34, 2634.34, -2152.23, 0, -

2633.43, -2595.55, 2147.69, 1 

 0.0177323, 0, 0, 0, 0, 0.0177323, 0, 0, 0, 0, -4302.51, 0, -19.443, -5.72862, 4274, 1 

 56.3941, 0, 0, 0, 0, 56.3941, 0, 0, 0, 0, -0.000232423, 0, 1096.47, 323.061, -0.993375, 1 

 39.8767, 19.9474, 0.000142308, 0, -39.8767, 19.9474, 0.000142308, 0, 0, 48.8313, -0.000116264, 0, 

1510.45, -569.679, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.352139, -0.978578, -0.992927, 1 

 1563.17, 0, 0, 0, 0, -1563.17, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0125387, -0.0125387, 0, 0, -0.00627219, -0.00627219, -0.0153543, 0, 2634.34, 2634.34, -2152.23, 0, -

2621.39, -2583.51, 2177.17, 1 

 39.8767, -19.9474, 0.000142308, 0, -39.8767, -19.9474, 0.000142308, 0, 0, -48.8313, -0.000116264, 0, 

1510.45, 2489.68, -0.992927, 1 

 56.3941, 0, 0, 0, 0, -56.3941, 0, 0, 0, 0, -0.000232423, 0, 1096.47, 1596.94, -0.993375, 1 

 0.0177323, 0, 0, 0, 0, -0.0177323, 0, 0, 0, 0, -4302.51, 0, -19.443, 28.3175, 4274, 1 

 0.000639727, 0, 0, 0, 0, -0.000639727, 0, 0, 0, 0, 1, 0, -0.701443, 1.02161, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1563.17, 0, 0, 0, 0, -1563.17, 0, 0, 0, 0, 1, 0, 1096.47, 1596.94, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 56.3941, 0, 0, 0, 0, -56.3941, 0, 0, 0, 0, -0.000232423, 0, 1510.45, 2489.68, -0.992927, 1 

 0.0177323, 0, 0, 0, 0, -0.0177323, 0, 0, 0, 0, -4302.51, 0, -26.7838, 44.1478, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0950196, 0, 0, 0, 0, 

0.162754, 0, 0, -0, -0, -0.000232423, -0, 0.229944, -1.83821, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -19.443, 14.6031, -5.72862, 28.3175, 57.2622, 58.2622, -12.9441, 8.10418, 

5.15017, 17.4387, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.701443, -0.206671, 

0.526833, 1.02161, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -45.768, -44.7352, -43.7024, -42.6696, -41.6368, -40.6039, -39.5711, -38.5383, -37.5055, -36.4727, -

35.4398, -34.407, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 
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 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P3 zona 1 Service env, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P3 zona 1 Service env : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.344759, -0.308345, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.344759, 0.308345, 0, 1 

 0.000576655, 0, 0, 0, 0, 0.000576655, 0, 0, 0, 0, 1, 0, -0.553589, -0.553589, 0, 1 

 1734.14, 0, 0, 0, 0, 1734.14, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 44.2382, 22.1292, 0.000142308, 0, -44.2382, 22.1292, 0.000142308, 0, 0, 54.1723, -0.000116264, 0, 

2017.12, -565.096, -0.992927, 1 

 0.0113024, -0.0113024, 0, 0, 0.0056538, 0.0056538, 0.0138405, 0, 2634.34, 2634.34, -2152.23, 0, -2637.67, 

-2592.07, 2146.76, 1 

 0.0159841, 0, 0, 0, 0, 0.0159841, 0, 0, 0, 0, -4302.51, 0, -24.9009, -6.79783, 4274, 1 

 62.5623, 0, 0, 0, 0, 62.5623, 0, 0, 0, 0, -0.000232423, 0, 1557.86, 425.288, -0.993375, 1 

 44.2382, 22.1292, 0.000142308, 0, -44.2382, 22.1292, 0.000142308, 0, 0, 54.1723, -0.000116264, 0, 

2017.12, -565.096, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.609593, -0.879455, -0.992927, 1 
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 1734.14, 0, 0, 0, 0, -1734.14, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0113024, -0.0113024, 0, 0, -0.0056538, -0.0056538, -0.0138405, 0, 2634.34, 2634.34, -2152.23, 0, -

2626.81, -2581.21, 2173.34, 1 

 44.2382, -22.1292, 0.000142308, 0, -44.2382, -22.1292, 0.000142308, 0, 0, -54.1723, -0.000116264, 0, 

2017.12, 2485.1, -0.992927, 1 

 62.5623, 0, 0, 0, 0, -62.5623, 0, 0, 0, 0, -0.000232423, 0, 1557.86, 1494.71, -0.993375, 1 

 0.0159841, 0, 0, 0, 0, -0.0159841, 0, 0, 0, 0, -4302.51, 0, -24.9009, 23.8916, 4274, 1 

 0.000576655, 0, 0, 0, 0, -0.000576655, 0, 0, 0, 0, 1, 0, -0.898348, 0.861934, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1734.14, 0, 0, 0, 0, -1734.14, 0, 0, 0, 0, 1, 0, 1557.86, 1494.71, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 62.5623, 0, 0, 0, 0, -62.5623, 0, 0, 0, 0, -0.000232423, 0, 2017.12, 2485.1, -0.992927, 1 

 0.0159841, 0, 0, 0, 0, -0.0159841, 0, 0, 0, 0, -4302.51, 0, -32.2418, 39.722, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.105412, 0, 0, 0, 0, 

0.180555, 0, 0, -0, -0, -0.000232423, -0, 1.00734, -1.54318, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -24.9009, 5.78849, -6.79783, 23.8916, 57.2622, 58.2622, -19.0428, -

0.0696708, 3.0084, 14.0854, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 

1, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.898348, -0.245244, 

0.208831, 0.861934, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -99.6492, -92.8474, -86.0457, -79.244, -72.4422, -65.6405, -58.8388, -52.0371, -45.2353, -38.4336, -

31.6319, -24.8301, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 
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NAME=Vista frontal, , NO, 0, 0, YES 

 0, -1, 0, 0, 0, 1, -1, 0, 0, , , NO, YES, NO, 0, , 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0, 0, -1, 0, -1, 0, 0, 0, 0, 1, 0, 0, 19, -3.42307, -0.215311, 1 

 0, -1, 0, 0, 0, 0, 1, 0, -1, 0, 0, 0, -0.215311, 19, 3.42307, 1 

 0, 0, -1, 0, -1, 0, 0, 0, 0, 1, 0, 0, 19, -3.42307, -0.215311, 1 

 0, -1, 0, 0, 0, 0, 1, 0, -1, 0, 0, 0, -0.215311, 19, 3.42307, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0, 0, -0.000261018, 0, -0, -0, -0.994887, 1 

 20.4525, 0, 0, 0, 0, 20.4525, 0, 0, 0, 0, -3831.16, 0, 0, 0, 3811.57, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.00195413, 0, 0, 0, 0, 0.00195413, 0, 0, 0, 0, 1, 0, -1.87596, -1.87596, 0, 1 

 511.737, 0, 0, 0, 0, 511.737, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0, 0, 0.000261018, 0, -25.0208, 0, 0, 0, 0, 25.0208, 0, 0, 1435.39, 874.352, -0.994831, 1 

 0, -0.0399668, 0, 0, 0, 0, 0.0399668, 0, 3831.16, 0, 0, 0, -3811.79, 57.3681, -34.945, 1 

 0.0399668, 0, 0, 0, 0, 0.0399668, 0, 0, 0, 0, -3831.16, 0, -38.3681, -38.3681, 3811.57, 1 

 25.0208, 0, 0, 0, 0, 25.0208, 0, 0, 0, 0, -0.000261018, 0, 960, 960, -0.994887, 1 

 0, 0, 0.000261018, 0, -25.0208, 0, 0, 0, 0, 25.0208, 0, 0, 1435.39, 874.352, -0.994831, 1 

 0, 0, 0.000261018, 0, -0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0.928982, -0.167367, -0.994831, 1 

 511.737, 0, 0, 0, 0, -511.737, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0, -0.0399668, 0, 0, 0, 0, -0.0399668, 0, 3831.16, 0, 0, 0, -3811.79, 57.3681, 41.7912, 1 

 0, 0, 0.000261018, 0, -25.0208, 0, 0, 0, 0, -25.0208, 0, 0, 1435.39, 1045.65, -0.994831, 1 

 25.0208, 0, 0, 0, 0, -25.0208, 0, 0, 0, 0, -0.000261018, 0, 960, 960, -0.994887, 1 

 0.0399668, 0, 0, 0, 0, -0.0399668, 0, 0, 0, 0, -3831.16, 0, -38.3681, 38.3681, 3811.57, 1 

 0.00195413, 0, 0, 0, 0, -0.00195413, 0, 0, 0, 0, 1, 0, -1.87596, 1.87596, 0, 1 

 0, 0, 0.000261018, 0, -0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0.928982, -0.167367, -0.994831, 1 

 0, -20.4525, 0, 0, 0, 0, 20.4525, 0, 3831.16, 0, 0, 0, -3811.79, 19, 3.42307, 1 

 511.737, 0, 0, 0, 0, -511.737, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 20.4525, 0, 0, 0, 0, 20.4525, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 20.4525, 0, 0, 0, 0, 20.4525, 0, 0, 0, 0, -3831.16, 0, 0, 0, 3811.57, 1 

 0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0, 0, -0.000261018, 0, -0, -0, -0.994887, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -19, -3.42307, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 19, 3.42307, 1 

 0, 0, -1, 0, -1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 1 

 0, -1, 0, 0, 0, 0, 1, 0, -1, 0, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 19, -3.42307, -0.215311, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -19, 3.42307, 0.215311, 1 

 25.0208, 0, 0, 0, 0, -25.0208, 0, 0, 0, 0, -0.000261018, 0, 1435.39, 1045.65, -0.994831, 1 

 0.0399668, 0, 0, 0, 0, -0.0399668, 0, 0, 0, 0, -3831.16, 0, -57.3681, 41.7912, 3811.79, 1 
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 0.0488938, 0, 0, 0, 0, 0.0488938, 0, 0, 0, 0, -0.000261018, 0, -0, -0, -0.994887, 1 

 20.4525, 0, 0, 0, 0, 20.4525, 0, 0, 0, 0, -3831.16, 0, 0, 0, 3811.57, 1 

 8.6165, 19, 3.42307 

 -5675.33, 19, 3.42307 

 0, 0, 1 

 0, 0, 0 

 0, 0, 56.8394 

 0, 0, 0 

 -1, 0, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -19.5879, 7642.73, -20.4525, -6.62307, 20.4525, 6.62307, 0, 0, -1, 0, -1, 0, 0, 0, 0, 1, 0, 0, 19, -

3.42307, -5675.33, 1, 0.0428438, 0, 0, 0, 0, 0.072106, 0, 0, -0, -0, -0.000261018, -0, -1.52212e-016, -

1.92129e-016, -0.994887, 1, 0, 0, 1168, 694 

 NO, 0.6096, 0.6096, 4, NO, NO, -38.3681, 38.3681, -38.3681, 38.3681, 56.8394, 57.8394, -23.3406, 23.3406, 

-13.8685, 13.8685, 56.8394, 57.8394, 30, NO, YES, YES, NO, -1, 0, 0, 0, 0, 1, 0.4, 50, 0, 0, 1168, 694, 0, 

376, 613, 1544, 1307, 0, 0, 0, 1168, 694, 0, -1.87596, -1.87596, 1.87596, 1.87596, 0, -1.87596, -1.87596, 

1.87596, 1.87596, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 2 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila rampa extrema My, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila rampa extrema My : Active 2, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 
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 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 4, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -1126.05, -907.316, -688.58, -469.843, -251.106, 0, 186.367, 405.103, 623.84, 842.577, 1061.31, 1280.05, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Reac ap rampas strength, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Reac ap rampas strength : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 667 DE 708 

 

 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -234.64, -214.049, -193.458, -172.868, -152.277, -131.686, -111.096, -90.5051, -69.9145, -49.3239, -

28.7332, -8.14258, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 
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 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=ELU Fy Cruce, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

ELU Fy Cruce : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 
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 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 1, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -215.275, -176.134, -136.993, -97.8526, -58.7118, -19.5709, 0, 58.7108, 97.8516, 136.992, 176.133, 

215.274, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 670 DE 708 

 

 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P4 barandilla zona2, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P4 barandilla zona2 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.538143, -0.238965, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.538143, 0.238965, 0, 1 

 0.000751041, 0, 0, 0, 0, 0.000751041, 0, 0, 0, 0, 1, 0, -0.720999, -0.720999, 0, 1 

 1331.49, 0, 0, 0, 0, 1331.49, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 33.9665, 16.991, 0.000142308, 0, -33.9665, 16.991, 0.000142308, 0, 0, 41.5939, -0.000116264, 0, 2029.15, 

-118.603, -0.992927, 1 

 0.0147204, -0.0147204, 0, 0, 0.00736356, 0.00736356, 0.018026, 0, 2634.34, 2634.34, -2152.23, 0, -

2647.06, -2587.32, 2141.08, 1 

 0.0208178, 0, 0, 0, 0, 0.0208178, 0, 0, 0, 0, -4302.51, 0, -34.9017, -13.3613, 4274, 1 

 48.0358, 0, 0, 0, 0, 48.0358, 0, 0, 0, 0, -0.000232423, 0, 1676.53, 641.821, -0.993375, 1 

 33.9665, 16.991, 0.000142308, 0, -33.9665, 16.991, 0.000142308, 0, 0, 41.5939, -0.000116264, 0, 2029.15, 

-118.603, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.802977, -0.810075, -0.992927, 1 

 1331.49, 0, 0, 0, 0, -1331.49, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0147204, -0.0147204, 0, 0, -0.00736356, -0.00736356, -0.018026, 0, 2634.34, 2634.34, -2152.23, 0, -

2632.92, -2573.18, 2175.69, 1 

 33.9665, -16.991, 0.000142308, 0, -33.9665, -16.991, 0.000142308, 0, 0, -41.5939, -0.000116264, 0, 

2029.15, 2038.6, -0.992927, 1 

 48.0358, 0, 0, 0, 0, -48.0358, 0, 0, 0, 0, -0.000232423, 0, 1676.53, 1278.18, -0.993375, 1 

 0.0208178, 0, 0, 0, 0, -0.0208178, 0, 0, 0, 0, -4302.51, 0, -34.9017, 26.6089, 4274, 1 

 0.000751041, 0, 0, 0, 0, -0.000751041, 0, 0, 0, 0, 1, 0, -1.25914, 0.959965, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 
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 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1331.49, 0, 0, 0, 0, -1331.49, 0, 0, 0, 0, 1, 0, 1676.53, 1278.18, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 48.0358, 0, 0, 0, 0, -48.0358, 0, 0, 0, 0, -0.000232423, 0, 2029.15, 2038.6, -0.992927, 1 

 0.0208178, 0, 0, 0, 0, -0.0208178, 0, 0, 0, 0, -4302.51, 0, -42.2425, 42.4392, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0809365, 0, 0, 0, 0, 

0.138632, 0, 0, -0, -0, -0.000232423, -0, 1.20729, -0.918265, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -34.9017, 5.06852, -13.3613, 26.6089, 57.2622, 58.2622, -27.2719, -2.5612, 

-0.589584, 13.8372, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -1.25914, -0.482034, 

0.182856, 0.959965, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -11.4433, -11.4171, -11.3909, -11.3647, -11.3386, -11.3124, -11.2862, -11.26, -11.2339, -11.2077, -

11.1815, -11.1554, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 2, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P2 barandilla, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P3 barandilla : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0873049, -0.407468, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0873049, 0.407468, 0, 1 

 0.000639727, 0, 0, 0, 0, 0.000639727, 0, 0, 0, 0, 1, 0, -0.614138, -0.614138, 0, 1 

 1563.17, 0, 0, 0, 0, 1563.17, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 39.8767, 19.9474, 0.000142308, 0, -39.8767, 19.9474, 0.000142308, 0, 0, 48.8313, -0.000116264, 0, 

1510.45, -569.679, -0.992927, 1 

 0.0125387, -0.0125387, 0, 0, 0.00627219, 0.00627219, 0.0153543, 0, 2634.34, 2634.34, -2152.23, 0, -

2633.43, -2595.55, 2147.69, 1 

 0.0177323, 0, 0, 0, 0, 0.0177323, 0, 0, 0, 0, -4302.51, 0, -19.443, -5.72862, 4274, 1 

 56.3941, 0, 0, 0, 0, 56.3941, 0, 0, 0, 0, -0.000232423, 0, 1096.47, 323.061, -0.993375, 1 

 39.8767, 19.9474, 0.000142308, 0, -39.8767, 19.9474, 0.000142308, 0, 0, 48.8313, -0.000116264, 0, 

1510.45, -569.679, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.352139, -0.978578, -0.992927, 1 

 1563.17, 0, 0, 0, 0, -1563.17, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0125387, -0.0125387, 0, 0, -0.00627219, -0.00627219, -0.0153543, 0, 2634.34, 2634.34, -2152.23, 0, -

2621.39, -2583.51, 2177.17, 1 

 39.8767, -19.9474, 0.000142308, 0, -39.8767, -19.9474, 0.000142308, 0, 0, -48.8313, -0.000116264, 0, 

1510.45, 2489.68, -0.992927, 1 

 56.3941, 0, 0, 0, 0, -56.3941, 0, 0, 0, 0, -0.000232423, 0, 1096.47, 1596.94, -0.993375, 1 

 0.0177323, 0, 0, 0, 0, -0.0177323, 0, 0, 0, 0, -4302.51, 0, -19.443, 28.3175, 4274, 1 

 0.000639727, 0, 0, 0, 0, -0.000639727, 0, 0, 0, 0, 1, 0, -0.701443, 1.02161, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1563.17, 0, 0, 0, 0, -1563.17, 0, 0, 0, 0, 1, 0, 1096.47, 1596.94, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 56.3941, 0, 0, 0, 0, -56.3941, 0, 0, 0, 0, -0.000232423, 0, 1510.45, 2489.68, -0.992927, 1 

 0.0177323, 0, 0, 0, 0, -0.0177323, 0, 0, 0, 0, -4302.51, 0, -26.7838, 44.1478, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0950196, 0, 0, 0, 0, 

0.162754, 0, 0, -0, -0, -0.000232423, -0, 0.229944, -1.83821, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -19.443, 14.6031, -5.72862, 28.3175, 57.2622, 58.2622, -12.9441, 8.10418, 

5.15017, 17.4387, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.701443, -0.206671, 

0.526833, 1.02161, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -20.353, -20.0911, -19.8292, -19.5673, -19.3055, -19.0436, -18.7817, -18.5198, -18.2579, -17.9961, -

17.7342, -17.4723, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 2, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P3 zona 2 Service env, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P3 zona 2 Service env : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 
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 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.30565, -0.3057, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.30565, 0.3057, 0, 1 

 0.000563348, 0, 0, 0, 0, 0.000563348, 0, 0, 0, 0, 1, 0, -0.540814, -0.540814, 0, 1 

 1775.1, 0, 0, 0, 0, 1775.1, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 45.2832, 22.6519, 0.000142308, 0, -45.2832, 22.6519, 0.000142308, 0, 0, 55.452, -0.000116264, 0, 1972.67, 

-596.428, -0.992927, 1 

 0.0110416, -0.0110416, 0, 0, 0.00552333, 0.00552333, 0.0135211, 0, 2634.34, 2634.34, -2152.23, 0, -

2636.55, -2592.99, 2147.01, 1 

 0.0156152, 0, 0, 0, 0, 0.0156152, 0, 0, 0, 0, -4302.51, 0, -23.4628, -6.51702, 4274, 1 

 64.0401, 0, 0, 0, 0, 64.0401, 0, 0, 0, 0, -0.000232423, 0, 1502.56, 417.351, -0.993375, 1 

 45.2832, 22.6519, 0.000142308, 0, -45.2832, 22.6519, 0.000142308, 0, 0, 55.452, -0.000116264, 0, 1972.67, 

-596.428, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.570484, -0.87681, -0.992927, 1 

 1775.1, 0, 0, 0, 0, -1775.1, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0110416, -0.0110416, 0, 0, -0.00552333, -0.00552333, -0.0135211, 0, 2634.34, 2634.34, -2152.23, 0, -

2625.95, -2582.38, 2172.97, 1 

 45.2832, -22.6519, 0.000142308, 0, -45.2832, -22.6519, 0.000142308, 0, 0, -55.452, -0.000116264, 0, 

1972.67, 2516.43, -0.992927, 1 

 64.0401, 0, 0, 0, 0, -64.0401, 0, 0, 0, 0, -0.000232423, 0, 1502.56, 1502.65, -0.993375, 1 

 0.0156152, 0, 0, 0, 0, -0.0156152, 0, 0, 0, 0, -4302.51, 0, -23.4628, 23.4642, 4274, 1 

 0.000563348, 0, 0, 0, 0, -0.000563348, 0, 0, 0, 0, 1, 0, -0.846464, 0.846514, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1775.1, 0, 0, 0, 0, -1775.1, 0, 0, 0, 0, 1, 0, 1502.56, 1502.65, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 64.0401, 0, 0, 0, 0, -64.0401, 0, 0, 0, 0, -0.000232423, 0, 1972.67, 2516.43, -0.992927, 1 

 0.0156152, 0, 0, 0, 0, -0.0156152, 0, 0, 0, 0, -4302.51, 0, -30.8036, 39.2945, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 
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 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.107903, 0, 0, 0, 0, 

0.18482, 0, 0, -0, -0, -0.000232423, -0, 0.91417, -1.56609, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -23.4628, 6.51841, -6.51702, 23.4642, 57.2622, 58.2622, -17.7398, 

0.795437, 3.0629, 13.8842, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 

1, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.846464, -0.235114, 

0.235164, 0.846514, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -83.2305, -77.0641, -70.8978, -64.7314, -58.5651, -52.3987, -46.2324, -40.066, -33.8997, -27.7333, -

21.567, -15.4006, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Vista detalle esquina, , NO, 0, 0, YES 

 0.642788, 0.766044, 0, 0.126235, -0.105924, 0.986329, 0.755572, -0.634, -0.164788, , , NO, YES, NO, 0, , 

1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.642788, 0.126235, 0.755572, 0, 0.766044, -0.105924, -0.634, 0, 0, 0.986329, -0.164788, 0, -20.0934, -

2.45143, -5.7168, 1 

 0.642788, 0.766044, 0, 0, 0.126235, -0.105924, 0.986329, 0, 0.755572, -0.634, -0.164788, 0, 17.5447, 

11.5083, 1.47586, 1 

 0.642788, 0.126235, 0.755572, 0, 0.766044, -0.105924, -0.634, 0, 0, 0.986329, -0.164788, 0, -20.0934, -

2.45143, -5.7168, 1 

 0.642788, 0.766044, 0, 0, 0.126235, -0.105924, 0.986329, 0, 0.755572, -0.634, -0.164788, 0, 17.5447, 

11.5083, 1.47586, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0362244, 0, 0, 0, 0, 0.0362244, 0, 0, 0, 0, -0.000231929, 0, -6.43474e-017, -0, -0.99325, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -4311.66, 0, 1.77636e-015, 0, 4282.56, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.07, -0.286485, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.07, 0.286485, 0, 1 

 0.000953767, 0, 0, 0, 0, 0.000953767, 0, 0, 0, 0, 1, 0, -0.915616, -0.915616, 0, 1 

 1048.47, 0, 0, 0, 0, 1048.47, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 24.4133, 4.79443, -0.000175239, 0, 29.0946, -4.02301, 0.000147043, 0, 0, 37.4611, 3.82191e-005, 0, 

270.239, 566.522, -0.991924, 1 

 0.0169242, 0.0201695, 0, 0, 0.00332369, -0.00278891, 0.0259695, 0, -3257.77, 2733.59, 710.509, 0, 

3233.64, -2722.64, -721.367, 1 

 0.0263294, 0, 0, 0, 0, 0.0263294, 0, 0, 0, 0, -4311.66, 0, -27.2087, -17.3676, 4282.56, 1 

 37.9803, 0, 0, 0, 0, 37.9803, 0, 0, 0, 0, -0.000231929, 0, 1033.39, 659.628, -0.99325, 1 

 24.4133, 4.79443, -0.000175239, 0, 29.0946, -4.02301, 0.000147043, 0, 0, 37.4611, 3.82191e-005, 0, 

270.239, 566.522, -0.991924, 1 

 0.0232846, 0.00457277, -0.000175239, 0, 0.0277495, -0.00383701, 0.000147043, 0, 0, 0.0357291, 3.82191e-

005, 0, -0.657871, -0.375287, -0.991924, 1 

 1048.47, 0, 0, 0, 0, -1048.47, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0169242, 0.0201695, 0, 0, -0.00332369, 0.00278891, -0.0259695, 0, -3257.77, 2733.59, 710.509, 0, 

3240.03, -2727.99, -671.506, 1 

 24.4133, -4.79443, -0.000175239, 0, 29.0946, 4.02301, 0.000147043, 0, 0, -37.4611, 3.82191e-005, 0, 

270.239, 1353.48, -0.991924, 1 

 37.9803, 0, 0, 0, 0, -37.9803, 0, 0, 0, 0, -0.000231929, 0, 1033.39, 1260.37, -0.99325, 1 

 0.0263294, 0, 0, 0, 0, -0.0263294, 0, 0, 0, 0, -4311.66, 0, -27.2087, 33.1849, 4282.56, 1 

 0.000953767, 0, 0, 0, 0, -0.000953767, 0, 0, 0, 0, 1, 0, -0.985616, 1.2021, 0, 1 

 0.0232846, 0.00457277, -0.000175239, 0, 0.0277495, -0.00383701, 0.000147043, 0, 0, 0.0357291, 3.82191e-

005, 0, -0.727871, -0.0888015, -0.991924, 1 

 17.7446, 21.1472, 0, 0, 3.4848, -2.9241, 27.2283, 0, -3257.77, 2733.59, 710.509, 0, 3253.33, -2703.63, -

704.237, 1 

 1048.47, 0, 0, 0, 0, -1048.47, 0, 0, 0, 0, 1, 0, 1033.39, 1260.37, 0, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -4311.66, 0, 1.77636e-015, 0, 4282.56, 1 

 0.0362244, 0, 0, 0, 0, 0.0362244, 0, 0, 0, 0, -0.000231929, 0, -6.43474e-017, -0, -0.99325, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -19, -3.42307, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 19, 3.42307, 1 

 0.642788, 0.126235, 0.755572, 0, 0.766044, -0.105924, -0.634, 0, 0, 0.986329, -0.164788, 0, 0, 0, 0, 1 

 0.642788, 0.766044, 0, 0, 0.126235, -0.105924, 0.986329, 0, 0.755572, -0.634, -0.164788, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -20.0934, -2.45143, -5.7168, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 20.0934, 2.45143, 5.7168, 1 

 37.9803, 0, 0, 0, 0, -37.9803, 0, 0, 0, 0, -0.000231929, 0, 270.239, 1353.48, -0.991924, 1 

 0.0263294, 0, 0, 0, 0, -0.0263294, 0, 0, 0, 0, -4311.66, 0, -7.11524, 35.6363, 4288.28, 1 

 0.0362244, 0, 0, 0, 0, 0.0362244, 0, 0, 0, 0, -0.000231929, 0, -6.43474e-017, -0, -0.99325, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -4311.66, 0, 1.77636e-015, 0, 4282.56, 1 

 8.6165, 19, 3.42307 

 4303.24, -3584.62, -933.221 

 0.126235, -0.105924, 0.986329 

 0, 0, 0 

 3.55271e-015, 0, 56.8394 

 0, 0, 0 

 0.755572, -0.634, -0.164788 

 0.126235, -0.105924, 0.986329 

 NO, NO, NO, NO, NO, NO, NO 

 -29.1028, 8594.22, -27.6057, -19.544, 27.6057, 19.544, 0.642788, 0.126235, 0.755572, 0, 0.766044, -

0.105924, -0.634, 0, -7.45058e-009, 0.986329, -0.164788, 0, -20.0938, -2.45154, -5677.84, 1, 0.0650348, 0, 

0, 0, 0, 0.109453, 0, 0, -0, -0, -0.000231929, -0, 0.125673, -0.865626, -0.99325, 1, 0, 0, 1168, 694 

 NO, 0.6096, 0.6096, 4, NO, NO, -27.2087, 23.3439, -17.3676, 33.1849, 56.8394, 57.8394, -17.3088, 13.444, 

-1.22769, 17.0449, 56.8394, 57.8394, 30, NO, YES, YES, NO, 0.755572, -0.634, -0.164788, 0.126235, -

0.105924, 0.986329, 0.4, 50, 0, 0, 1168, 694, 0, 376, 613, 1544, 1307, 0, 0, 0, 1168, 694, 0, -0.985616, -

0.629131, 0.845616, 1.2021, 0, -1.97833, -1.97624, 1.97843, 1.98051, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 

1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 
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 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 2 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila rampa extrema Mz, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila rampa extrema Mz : Active 2, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 
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 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 5, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -3706.24, -3005.72, -2305.2, -1604.68, -904.164, 0, 496.872, 1197.39, 1897.91, 2598.43, 3298.94, 3999.46, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 
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 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Reac ap rampas service, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Reac ap rampas service : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 
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 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -181.472, -166.343, -151.213, -136.083, -120.954, -105.824, -90.6943, -75.5646, -60.4349, -45.3052, -

30.1755, -15.0458, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=ELU Fz Cruce, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

ELU Fz Cruce : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 
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 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 2, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -750.32, -613.899, -477.477, -341.055, -204.633, -68.2109, 0, 204.633, 341.055, 477.477, 613.899, 750.32, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P4 plaquetas zona2, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P4 plaquetas zona2 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 683 DE 708 

 

 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.538143, -0.238965, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.538143, 0.238965, 0, 1 

 0.000751041, 0, 0, 0, 0, 0.000751041, 0, 0, 0, 0, 1, 0, -0.720999, -0.720999, 0, 1 

 1331.49, 0, 0, 0, 0, 1331.49, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 33.9665, 16.991, 0.000142308, 0, -33.9665, 16.991, 0.000142308, 0, 0, 41.5939, -0.000116264, 0, 2029.15, 

-118.603, -0.992927, 1 

 0.0147204, -0.0147204, 0, 0, 0.00736356, 0.00736356, 0.018026, 0, 2634.34, 2634.34, -2152.23, 0, -

2647.06, -2587.32, 2141.08, 1 

 0.0208178, 0, 0, 0, 0, 0.0208178, 0, 0, 0, 0, -4302.51, 0, -34.9017, -13.3613, 4274, 1 

 48.0358, 0, 0, 0, 0, 48.0358, 0, 0, 0, 0, -0.000232423, 0, 1676.53, 641.821, -0.993375, 1 

 33.9665, 16.991, 0.000142308, 0, -33.9665, 16.991, 0.000142308, 0, 0, 41.5939, -0.000116264, 0, 2029.15, 

-118.603, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.802977, -0.810075, -0.992927, 1 

 1331.49, 0, 0, 0, 0, -1331.49, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0147204, -0.0147204, 0, 0, -0.00736356, -0.00736356, -0.018026, 0, 2634.34, 2634.34, -2152.23, 0, -

2632.92, -2573.18, 2175.69, 1 

 33.9665, -16.991, 0.000142308, 0, -33.9665, -16.991, 0.000142308, 0, 0, -41.5939, -0.000116264, 0, 

2029.15, 2038.6, -0.992927, 1 

 48.0358, 0, 0, 0, 0, -48.0358, 0, 0, 0, 0, -0.000232423, 0, 1676.53, 1278.18, -0.993375, 1 

 0.0208178, 0, 0, 0, 0, -0.0208178, 0, 0, 0, 0, -4302.51, 0, -34.9017, 26.6089, 4274, 1 

 0.000751041, 0, 0, 0, 0, -0.000751041, 0, 0, 0, 0, 1, 0, -1.25914, 0.959965, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1331.49, 0, 0, 0, 0, -1331.49, 0, 0, 0, 0, 1, 0, 1676.53, 1278.18, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 48.0358, 0, 0, 0, 0, -48.0358, 0, 0, 0, 0, -0.000232423, 0, 2029.15, 2038.6, -0.992927, 1 

 0.0208178, 0, 0, 0, 0, -0.0208178, 0, 0, 0, 0, -4302.51, 0, -42.2425, 42.4392, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 
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 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0809365, 0, 0, 0, 0, 

0.138632, 0, 0, -0, -0, -0.000232423, -0, 1.20729, -0.918265, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -34.9017, 5.06852, -13.3613, 26.6089, 57.2622, 58.2622, -27.2719, -2.5612, 

-0.589584, 13.8372, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -1.25914, -0.482034, 

0.182856, 0.959965, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -7.33082, -7.31334, -7.29586, -7.27839, -7.26091, -7.24344, -7.22596, -7.20849, -7.19101, -7.17353, -

7.15606, -7.13858, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 3, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P2 plaquetas, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P2 plaquetas : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 
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 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0873049, -0.407468, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0873049, 0.407468, 0, 1 

 0.000639727, 0, 0, 0, 0, 0.000639727, 0, 0, 0, 0, 1, 0, -0.614138, -0.614138, 0, 1 

 1563.17, 0, 0, 0, 0, 1563.17, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 39.8767, 19.9474, 0.000142308, 0, -39.8767, 19.9474, 0.000142308, 0, 0, 48.8313, -0.000116264, 0, 

1510.45, -569.679, -0.992927, 1 

 0.0125387, -0.0125387, 0, 0, 0.00627219, 0.00627219, 0.0153543, 0, 2634.34, 2634.34, -2152.23, 0, -

2633.43, -2595.55, 2147.69, 1 

 0.0177323, 0, 0, 0, 0, 0.0177323, 0, 0, 0, 0, -4302.51, 0, -19.443, -5.72862, 4274, 1 

 56.3941, 0, 0, 0, 0, 56.3941, 0, 0, 0, 0, -0.000232423, 0, 1096.47, 323.061, -0.993375, 1 

 39.8767, 19.9474, 0.000142308, 0, -39.8767, 19.9474, 0.000142308, 0, 0, 48.8313, -0.000116264, 0, 

1510.45, -569.679, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.352139, -0.978578, -0.992927, 1 

 1563.17, 0, 0, 0, 0, -1563.17, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0125387, -0.0125387, 0, 0, -0.00627219, -0.00627219, -0.0153543, 0, 2634.34, 2634.34, -2152.23, 0, -

2621.39, -2583.51, 2177.17, 1 

 39.8767, -19.9474, 0.000142308, 0, -39.8767, -19.9474, 0.000142308, 0, 0, -48.8313, -0.000116264, 0, 

1510.45, 2489.68, -0.992927, 1 

 56.3941, 0, 0, 0, 0, -56.3941, 0, 0, 0, 0, -0.000232423, 0, 1096.47, 1596.94, -0.993375, 1 

 0.0177323, 0, 0, 0, 0, -0.0177323, 0, 0, 0, 0, -4302.51, 0, -19.443, 28.3175, 4274, 1 

 0.000639727, 0, 0, 0, 0, -0.000639727, 0, 0, 0, 0, 1, 0, -0.701443, 1.02161, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1563.17, 0, 0, 0, 0, -1563.17, 0, 0, 0, 0, 1, 0, 1096.47, 1596.94, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 56.3941, 0, 0, 0, 0, -56.3941, 0, 0, 0, 0, -0.000232423, 0, 1510.45, 2489.68, -0.992927, 1 

 0.0177323, 0, 0, 0, 0, -0.0177323, 0, 0, 0, 0, -4302.51, 0, -26.7838, 44.1478, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0950196, 0, 0, 0, 0, 

0.162754, 0, 0, -0, -0, -0.000232423, -0, 0.229944, -1.83821, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -19.443, 14.6031, -5.72862, 28.3175, 57.2622, 58.2622, -12.9441, 8.10418, 

5.15017, 17.4387, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 
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50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.701443, -0.206671, 

0.526833, 1.02161, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -11.1042, -11.0522, -11.0003, -10.9483, -10.8963, -10.8444, -10.7924, -10.7404, -10.6885, -10.6365, -

10.5846, -10.5326, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 3, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P2 Service env, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P2 Service env : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.0933, -0.41515, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.0933, 0.41515, 0, 1 

 0.000625253, 0, 0, 0, 0, 0.000625253, 0, 0, 0, 0, 1, 0, -0.600242, -0.600242, 0, 1 

 1599.35, 0, 0, 0, 0, 1599.35, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 
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 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 40.7998, 20.4092, 0.000142308, 0, -40.7998, 20.4092, 0.000142308, 0, 0, 49.9618, -0.000116264, 0, 

1532.78, -617.379, -0.992927, 1 

 0.012255, -0.012255, 0, 0, 0.00613027, 0.00613027, 0.0150069, 0, 2634.34, 2634.34, -2152.23, 0, -2633.06, 

-2595.49, 2148.21, 1 

 0.0173311, 0, 0, 0, 0, 0.0173311, 0, 0, 0, 0, -4302.51, 0, -19.224, -5.1305, 4274, 1 

 57.6997, 0, 0, 0, 0, 57.6997, 0, 0, 0, 0, -0.000232423, 0, 1109.22, 296.028, -0.993375, 1 

 40.7998, 20.4092, 0.000142308, 0, -40.7998, 20.4092, 0.000142308, 0, 0, 49.9618, -0.000116264, 0, 

1532.78, -617.379, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.358134, -0.98626, -0.992927, 1 

 1599.35, 0, 0, 0, 0, -1599.35, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.012255, -0.012255, 0, 0, -0.00613027, -0.00613027, -0.0150069, 0, 2634.34, 2634.34, -2152.23, 0, -

2621.29, -2583.72, 2177.02, 1 

 40.7998, -20.4092, 0.000142308, 0, -40.7998, -20.4092, 0.000142308, 0, 0, -49.9618, -0.000116264, 0, 

1532.78, 2537.38, -0.992927, 1 

 57.6997, 0, 0, 0, 0, -57.6997, 0, 0, 0, 0, -0.000232423, 0, 1109.22, 1623.97, -0.993375, 1 

 0.0173311, 0, 0, 0, 0, -0.0173311, 0, 0, 0, 0, -4302.51, 0, -19.224, 28.1452, 4274, 1 

 0.000625253, 0, 0, 0, 0, -0.000625253, 0, 0, 0, 0, 1, 0, -0.693542, 1.01539, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1599.35, 0, 0, 0, 0, -1599.35, 0, 0, 0, 0, 1, 0, 1109.22, 1623.97, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 57.6997, 0, 0, 0, 0, -57.6997, 0, 0, 0, 0, -0.000232423, 0, 1532.78, 2537.38, -0.992927, 1 

 0.0173311, 0, 0, 0, 0, -0.0173311, 0, 0, 0, 0, -4302.51, 0, -26.5648, 43.9756, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0972194, 0, 0, 0, 0, 

0.166521, 0, 0, -0, -0, -0.000232423, -0, 0.251423, -1.91622, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -19.224, 14.0517, -5.1305, 28.1452, 57.2622, 58.2622, -12.8722, 7.69987, 

5.50214, 17.5126, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.693542, -0.185092, 

0.506942, 1.01539, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -162.573, -151.039, -139.506, -127.972, -116.439, -104.905, -93.372, -81.8386, -70.3052, -58.7717, -

47.2383, -35.7049, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 
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 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Vista 3D cruce, , NO, 0, 0, YES 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, YES, NO, 2, 

Vista 3D cruce : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 YES, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34224, -

12.7324, -0.000838718, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.688634, 

9.69487, 11.0253, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34224, -

12.7324, -0.000838718, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.688634, 

9.69487, 11.0253, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0362244, 0, 0, 0, 0, 0.0362244, 0, 0, 0, 0, -0.000234361, 0, -0, -6.43474e-017, -0.993387, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -4266.91, 0, 0, 1.77636e-015, 4238.7, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.441895, -0.236175, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.441895, 0.236175, 0, 1 

 0.00127751, 0, 0, 0, 0, 0.00127751, 0, 0, 0, 0, 1, 0, -1.22641, -1.22641, 0, 1 

 782.771, 0, 0, 0, 0, 782.771, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 20.0503, 10.0297, 0.000143495, 0, -20.0503, 10.0297, 0.000143495, 0, 0, 24.5527, -0.000117234, 0, 822.29, 

414.098, -0.993387, 1 

 0.0249373, -0.0249373, 0, 0, 0.0124743, 0.0124743, 0.0305372, 0, 2612.54, 2612.54, -2134.43, 0, -2620.94, 

-2579.93, 2107.67, 1 

 0.0352667, 0, 0, 0, 0, 0.0352667, 0, 0, 0, 0, -4266.91, 0, -21.6572, -27.3362, 4238.7, 1 

 28.3554, 0, 0, 0, 0, 28.3554, 0, 0, 0, 0, -0.000234361, 0, 614.097, 775.129, -0.993387, 1 

 20.0503, 10.0297, 0.000143495, 0, -20.0503, 10.0297, 0.000143495, 0, 0, 24.5527, -0.000117234, 0, 822.29, 

414.098, -0.993387, 1 

 0.0256145, 0.0128131, 0.000143495, 0, -0.0256145, 0.0128131, 0.000143495, 0, 0, 0.0313664, -0.000117234, 

0, -0.175927, -0.697397, -0.993387, 1 
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 782.771, 0, 0, 0, 0, -782.771, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0249373, -0.0249373, 0, 0, -0.0124743, -0.0124743, -0.0305372, 0, 2612.54, 2612.54, -2134.43, 0, -

2596.99, -2555.98, 2166.3, 1 

 20.0503, -10.0297, 0.000143495, 0, -20.0503, -10.0297, 0.000143495, 0, 0, -24.5527, -0.000117234, 0, 

822.29, 1505.9, -0.993387, 1 

 28.3554, 0, 0, 0, 0, -28.3554, 0, 0, 0, 0, -0.000234361, 0, 614.097, 1144.87, -0.993387, 1 

 0.0352667, 0, 0, 0, 0, -0.0352667, 0, 0, 0, 0, -4266.91, 0, -21.6572, 40.3758, 4238.7, 1 

 0.00127751, 0, 0, 0, 0, -0.00127751, 0, 0, 0, 0, 1, 0, -0.784517, 1.46259, 0, 1 

 0.0256145, 0.0128131, 0.000143495, 0, -0.0256145, 0.0128131, 0.000143495, 0, 0, 0.0313664, -0.000117234, 

0, 0.265968, -0.461222, -0.993387, 1 

 19.5202, -19.5202, 0, 0, 9.76455, 9.76455, 23.9036, 0, 2612.54, 2612.54, -2134.43, 0, -2595.95, -2585.57, 

2131.34, 1 

 782.771, 0, 0, 0, 0, -782.771, 0, 0, 0, 0, 1, 0, 614.097, 1144.87, 0, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -4266.91, 0, 0, 1.77636e-015, 4238.7, 1 

 0.0362244, 0, 0, 0, 0, 0.0362244, 0, 0, 0, 0, -0.000234361, 0, -0, -6.43474e-017, -0.993387, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.6165, -19, -3.42307, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.6165, 19, 3.42307, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34224, -12.7324, -0.000838718, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34224, 12.7324, 0.000838718, 1 

 28.3554, 0, 0, 0, 0, -28.3554, 0, 0, 0, 0, -0.000234361, 0, 822.29, 1505.9, -0.993387, 1 

 0.0352667, 0, 0, 0, 0, -0.0352667, 0, 0, 0, 0, -4266.91, 0, -28.9994, 53.1082, 4238.7, 1 

 0.0362244, 0, 0, 0, 0, 0.0362244, 0, 0, 0, 0, -0.000234361, 0, -0, -6.43474e-017, -0.993387, 1 

 27.6057, 0, 0, 0, 0, 27.6057, 0, 0, 0, 0, -4266.91, 0, 0, 1.77636e-015, 4238.7, 1 

 8.6165, 19, 3.42307 

 -3471.54, -3461.16, 2846.69 

 0, 0, 1 

 0, 0, 0 

 0, 1.77636e-015, 56.8394 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.2167, 8505.61, -27.6057, -19.544, 27.6057, 19.544, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34229, -12.7322, -5668.75, 1, 0.0485537, 0, 0, 0, 0, 

0.0817158, 0, 0, -0, -0, -0.000234361, -0, -0.592299, -0.532769, -0.993387, 1, 0, 0, 1168, 694 

 NO, 0.6096, 0.6096, 4, NO, NO, -21.6572, 46.0548, -27.3362, 40.3758, 56.8394, 57.8394, -8.39691, 32.7946, 

-5.71776, 18.7573, 56.8394, 57.8394, 30, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1168, 694, 0, 376, 613, 1544, 1307, 0, 0, 0, 1168, 694, 0, -0.784517, -0.990237, 1.66831, 

1.46259, 0, -0.784517, -0.990237, 1.66831, 1.46259, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 

0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 -1, 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, NO, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 2 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 0, 0, 0 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila rampa extrema Fy, , NO, 0, 0, NO 
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 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila rampa extrema Fy : Active 2, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 1, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -316.036, -258.089, -200.141, -142.194, -84.2462, 0, 31.6489, 89.5965, 147.544, 205.492, 263.439, 

321.387, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Reac apoyo cruce strength, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, NO, NO, 2, Reac apoyo cruce strength : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 
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NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -8.61849, -7.00004, 12.0689, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 8.61849, 12.0689, 7.00004, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -8.61849, -7.00004, 12.0689, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 8.61849, 12.0689, 7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0540541, 0, 0, 0, 0, 0.0540541, 0, 0, 0, 0, -0.000252592, 0, -0, -0, -0.994519, 1 

 18.5, 0, 0, 0, 0, 18.5, 0, 0, 0, 0, -3958.96, 0, 0, 0, 3937.26, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.89555, -0.34655, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.89555, 0.34655, 0, 1 

 0.000296509, 0, 0, 0, 0, 0.000296509, 0, 0, 0, 0, 1, 0, -0.284649, -0.284649, 0, 1 

 3372.57, 0, 0, 0, 0, 3372.57, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 182.301, 0, 0, 0, 0, 0, 0.000252592, 0, 0, 182.301, 0, 0, -3631.47, -1484.88, -0.997567, 1 

 0.00548542, 0, 0, 0, 0, 0, 0.00548542, 0, 0, 3958.96, 0, 0, 19.9202, -3925.19, 8.14521, 1 

 0.00548542, 0, 0, 0, 0, 0.00548542, 0, 0, 0, 0, -3958.96, 0, 11.3017, 1.14517, 3937.26, 1 

 182.301, 0, 0, 0, 0, 182.301, 0, 0, 0, 0, -0.000252592, 0, -2060.31, -208.766, -0.994519, 1 

 182.301, 0, 0, 0, 0, 0, 0.000252592, 0, 0, 182.301, 0, 0, -3631.47, -1484.88, -0.997567, 1 

 0.0540541, 0, 0, 0, 0, 0, 0.000252592, 0, 0, 0.0540541, 0, 0, -1.36141, -0.724931, -0.997567, 1 

 3372.57, 0, 0, 0, 0, -3372.57, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00548542, 0, 0, 0, 0, 0, -0.00548542, 0, 0, 3958.96, 0, 0, 19.9202, -3925.19, 18.6772, 1 

 182.301, 0, 0, 0, 0, 0, 0.000252592, 0, 0, -182.301, 0, 0, -3631.47, 3404.88, -0.997567, 1 

 182.301, 0, 0, 0, 0, -182.301, 0, 0, 0, 0, -0.000252592, 0, -2060.31, 2128.77, -0.994519, 1 

 0.00548542, 0, 0, 0, 0, -0.00548542, 0, 0, 0, 0, -3958.96, 0, 11.3017, 11.6772, 3937.26, 1 

 0.000296509, 0, 0, 0, 0, -0.000296509, 0, 0, 0, 0, 1, 0, 0.610901, 0.631199, 0, 1 

 0.0540541, 0, 0, 0, 0, 0, 0.000252592, 0, 0, 0.0540541, 0, 0, -0.465865, -0.378381, -0.997567, 1 

 18.5, 0, 0, 0, 0, 0, 18.5, 0, 0, 3958.96, 0, 0, 8.61849, -3925.19, 7.00004, 1 

 3372.57, 0, 0, 0, 0, -3372.57, 0, 0, 0, 0, 1, 0, -2060.31, 2128.77, 0, 1 

 18.5, 0, 0, 0, 0, 18.5, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 18.5, 0, 0, 0, 0, 18.5, 0, 0, 0, 0, -3958.96, 0, 0, 0, 3937.26, 1 

 0.0540541, 0, 0, 0, 0, 0.0540541, 0, 0, 0, 0, -0.000252592, 0, -0, -0, -0.994519, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -7.00004, 12.0689, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 7.00004, -12.0689, 1 

 182.301, 0, 0, 0, 0, -182.301, 0, 0, 0, 0, -0.000252592, 0, -3631.47, 3404.88, -0.997567, 1 

 0.00548542, 0, 0, 0, 0, -0.00548542, 0, 0, 0, 0, -3958.96, 0, 19.9202, 18.6772, 3925.19, 1 

 0.0540541, 0, 0, 0, 0, 0.0540541, 0, 0, 0, 0, -0.000252592, 0, -0, -0, -0.994519, 1 

 18.5, 0, 0, 0, 0, 18.5, 0, 0, 0, 0, -3958.96, 0, 0, 0, 3937.26, 1 

 8.61849, 19, 7.00004 

 8.61849, -5707.22, 7.00004 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -21.7, 7896.22, -18.5, -6.99994, 18.5, 6.99994, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -8.61849, -7.00004, 

-5707.22, 1, 0.343965, 0, 0, 0, 0, 0.535393, 0, 0, -0, -0, -0.000252592, -0, -5.6987, -3.4325, -0.994519, 

1, 0, 0, 1060, 681 
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 NO, 0.6096, 0.6096, 4, NO, NO, 11.3017, 21.8337, 1.14517, 11.6772, 57.2622, 58.2622, 13.6604, 19.475, 

4.54339, 8.27896, 57.2622, 58.2622, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1060, 681, 0, 

430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, 0.610901, 0.0619009, 1.1802, 0.631199, 0, -2.06666, -

2.06666, 2.06666, 2.06666, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -805.888, -702.851, -599.813, -496.775, -393.737, -290.7, -187.662, -84.6243, 0, 121.451, 224.489, 

327.527, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 0.1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P5 peso propio, , NO, 0, 0, NO 

 0.681998, -0.731354, 0, 0.220106, 0.205252, 0.953638, -0.697446, -0.650379, 0.300957, , , NO, NO, NO, 2, 

P5 peso propio : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01792, -

12.4723, 3.23726, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, -0.465167, 

10.5293, 10.9198, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01792, -

12.4723, 3.23726, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, -0.465167, 

10.5293, 10.9198, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.8691, -0.05625, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.8691, 0.05625, 0, 1 

 0.000414286, 0, 0, 0, 0, 0.000414286, 0, 0, 0, 0, 1, 0, -0.397714, -0.397714, 0, 1 

 2413.79, 0, 0, 0, 0, 2413.79, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 
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 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 59.3899, 19.1673, 0.000160279, 0, -63.6878, 17.8738, 0.000149462, 0, 0, 83.0448, -6.91623e-005, 0, 

3756.05, -261.888, -0.993971, 1 

 0.00783167, -0.00839844, 0, 0, 0.00252757, 0.002357, 0.010951, 0, 3034.91, 2830.1, -1309.6, 0, -3040.85, 

-2776.66, 1302.63, 1 

 0.0114834, 0, 0, 0, 0, 0.0114834, 0, 0, 0, 0, -4351.46, 0, -35.1143, -9.46491, 4321.99, 1 

 87.0821, 0, 0, 0, 0, 87.0821, 0, 0, 0, 0, -0.000229808, 0, 3057.83, 824.224, -0.993227, 1 

 59.3899, 19.1673, 0.000160279, 0, -63.6878, 17.8738, 0.000149462, 0, 0, 83.0448, -6.91623e-005, 0, 

3756.05, -261.888, -0.993971, 1 

 0.0246044, 0.00794074, 0.000160279, 0, -0.026385, 0.00740486, 0.000149462, 0, 0, 0.0344043, -6.91623e-

005, 0, 1.15836, -0.506211, -0.993971, 1 

 2413.79, 0, 0, 0, 0, -2413.79, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00783167, -0.00839844, 0, 0, -0.00252757, -0.002357, -0.010951, 0, 3034.91, 2830.1, -1309.6, 0, -3036, 

-2772.14, 1323.65, 1 

 59.3899, -19.1673, 0.000160279, 0, -63.6878, -17.8738, 0.000149462, 0, 0, -83.0448, -6.91623e-005, 0, 

3756.05, 2181.89, -0.993971, 1 

 87.0821, 0, 0, 0, 0, -87.0821, 0, 0, 0, 0, -0.000229808, 0, 3057.83, 1095.78, -0.993227, 1 

 0.0114834, 0, 0, 0, 0, -0.0114834, 0, 0, 0, 0, -4351.46, 0, -35.1143, 12.5832, 4321.99, 1 

 0.000414286, 0, 0, 0, 0, -0.000414286, 0, 0, 0, 0, 1, 0, -1.26681, 0.453964, 0, 1 

 0.0246044, 0.00794074, 0.000160279, 0, -0.026385, 0.00740486, 0.000149462, 0, 0, 0.0344043, -6.91623e-

005, 0, 0.289262, -0.449961, -0.993971, 1 

 18.904, -20.2721, 0, 0, 6.10103, 5.6893, 26.4335, 0, 3034.91, 2830.1, -1309.6, 0, -3014.82, -2800.4, 

1311.65, 1 

 2413.79, 0, 0, 0, 0, -2413.79, 0, 0, 0, 0, 1, 0, 3057.83, 1095.78, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, -2.77556e-017, 0.953638, 0.300957, 

0, 0, 0, 0, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.01792, -12.4723, 3.23726, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.01792, 12.4723, -3.23726, 1 

 87.0821, 0, 0, 0, 0, -87.0821, 0, 0, 0, 0, -0.000229808, 0, 3756.05, 2181.89, -0.993971, 1 

 0.0114834, 0, 0, 0, 0, -0.0114834, 0, 0, 0, 0, -4351.46, 0, -43.1322, 25.0555, 4318.75, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 8.61849, 19, 7.00004 

 -3985.11, -3705.21, 1730.35 

 0.220106, 0.205252, 0.953638 

 0, 0, 0 

 0, 8.88178e-016, 57.2622 

 0, 0, 0 

 -0.697446, -0.650379, 0.300957 

 0.220106, 0.205252, 0.953638 

 NO, NO, NO, NO, NO, NO, NO 

 -29.4723, 8673.45, -27.7186, -19.9268, 27.7186, 19.9268, 0.681998, 0.220106, -0.697446, 0, -0.731354, 

0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01807, -12.4724, -5709.96, 1, 0.146726, 0, 0, 0, 0, 

0.251319, 0, 0, -0, -0, -0.000229808, -0, 3.53467, -0.39185, -0.993227, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -35.1143, -13.0661, -9.46491, 12.5832, 57.2622, 58.2622, -30.9056, -

17.2748, -2.41983, 5.53817, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.697446, -0.650379, 0.300957, 

0.220106, 0.205252, 0.953638, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 

693, 0, -1.26681, -0.341464, -0.471386, 0.453964, 0, -2.04618, -2.03217, 2.04618, 2.06019, 0, 0, 0, 1920, 

1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -45.768, -43.4093, -41.0506, -38.6919, -36.3332, -33.9745, -31.6158, -29.2571, -26.8984, -24.5397, -

22.181, -19.8223, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 
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 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P3 peso propio zona1, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P3 peso propio zona1 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.31476, -0.34559, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.31476, 0.34559, 0, 1 

 0.000541039, 0, 0, 0, 0, 0.000541039, 0, 0, 0, 0, 1, 0, -0.519397, -0.519397, 0, 1 

 1848.3, 0, 0, 0, 0, 1848.3, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 47.1504, 23.586, 0.000142308, 0, -47.1504, 23.586, 0.000142308, 0, 0, 57.7384, -0.000116264, 0, 2031.26, 

-734.333, -0.992927, 1 

 0.0106044, -0.0106044, 0, 0, 0.0053046, 0.0053046, 0.0129857, 0, 2634.34, 2634.34, -2152.23, 0, -2635.71, 

-2592.63, 2148.48, 1 

 0.0149968, 0, 0, 0, 0, 0.0149968, 0, 0, 0, 0, -4302.51, 0, -23.1217, -4.8177, 4274, 1 

 66.6807, 0, 0, 0, 0, 66.6807, 0, 0, 0, 0, -0.000232423, 0, 1541.77, 321.247, -0.993375, 1 

 47.1504, 23.586, 0.000142308, 0, -47.1504, 23.586, 0.000142308, 0, 0, 57.7384, -0.000116264, 0, 2031.26, 

-734.333, -0.992927, 1 
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 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.579594, -0.9167, -0.992927, 1 

 1848.3, 0, 0, 0, 0, -1848.3, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0106044, -0.0106044, 0, 0, -0.0053046, -0.0053046, -0.0129857, 0, 2634.34, 2634.34, -2152.23, 0, -

2625.52, -2582.44, 2173.41, 1 

 47.1504, -23.586, 0.000142308, 0, -47.1504, -23.586, 0.000142308, 0, 0, -57.7384, -0.000116264, 0, 

2031.26, 2654.33, -0.992927, 1 

 66.6807, 0, 0, 0, 0, -66.6807, 0, 0, 0, 0, -0.000232423, 0, 1541.77, 1598.75, -0.993375, 1 

 0.0149968, 0, 0, 0, 0, -0.0149968, 0, 0, 0, 0, -4302.51, 0, -23.1217, 23.9762, 4274, 1 

 0.000541039, 0, 0, 0, 0, -0.000541039, 0, 0, 0, 0, 1, 0, -0.834157, 0.864987, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1848.3, 0, 0, 0, 0, -1848.3, 0, 0, 0, 0, 1, 0, 1541.77, 1598.75, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 66.6807, 0, 0, 0, 0, -66.6807, 0, 0, 0, 0, -0.000232423, 0, 2031.26, 2654.33, -0.992927, 1 

 0.0149968, 0, 0, 0, 0, -0.0149968, 0, 0, 0, 0, -4302.51, 0, -30.4625, 39.8066, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.112352, 0, 0, 0, 0, 

0.192441, 0, 0, -0, -0, -0.000232423, -0, 0.980235, -1.84344, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -23.1217, 5.67226, -4.8177, 23.9762, 57.2622, 58.2622, -17.6253, 0.175919, 

4.38286, 14.7757, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.834157, -0.173807, 

0.204637, 0.864987, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -26.4648, -26.3741, -26.2833, -26.1926, -26.1019, -26.0112, -25.9205, -25.8298, -25.7391, -25.6484, -

25.5577, -25.4669, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 
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 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Estribo PP, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 0, 

, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.21665, -0.1362, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.21665, 0.1362, 0, 1 

 0.000204329, 0, 0, 0, 0, 0.000204329, 0, 0, 0, 0, 1, 0, -0.196156, -0.196156, 0, 1 

 4894.07, 0, 0, 0, 0, 4894.07, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 124.849, 62.4528, 0.000142308, 0, -124.849, 62.4528, 0.000142308, 0, 0, 152.884, -0.000116264, 0, 

3316.42, -2501.62, -0.992927, 1 

 0.00400485, -0.00400485, 0, 0, 0.00200334, 0.00200334, 0.00490417, 0, 2634.34, 2634.34, -2152.23, 0, -

2626.33, -2599.77, 2151.21, 1 

 0.00566371, 0, 0, 0, 0, 0.00566371, 0, 0, 0, 0, -4302.51, 0, -11.4424, -1.66189, 4274, 1 

 176.563, 0, 0, 0, 0, 176.563, 0, 0, 0, 0, -0.000232423, 0, 2020.3, 293.428, -0.993375, 1 

 124.849, 62.4528, 0.000142308, 0, -124.849, 62.4528, 0.000142308, 0, 0, 152.884, -0.000116264, 0, 

3316.42, -2501.62, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.481484, -0.70731, -0.992927, 1 

 4894.07, 0, 0, 0, 0, -4894.07, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00400485, -0.00400485, 0, 0, -0.00200334, -0.00200334, -0.00490417, 0, 2634.34, 2634.34, -2152.23, 0, -

2622.49, -2595.92, 2160.63, 1 

 124.849, -62.4528, 0.000142308, 0, -124.849, -62.4528, 0.000142308, 0, 0, -152.884, -0.000116264, 0, 

3316.42, 4421.62, -0.992927, 1 

 176.563, 0, 0, 0, 0, -176.563, 0, 0, 0, 0, -0.000232423, 0, 2020.3, 1626.57, -0.993375, 1 

 0.00566371, 0, 0, 0, 0, -0.00566371, 0, 0, 0, 0, -4302.51, 0, -11.4424, 9.21243, 4274, 1 

 0.000204329, 0, 0, 0, 0, -0.000204329, 0, 0, 0, 0, 1, 0, -0.412806, 0.332356, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 
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 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 4894.07, 0, 0, 0, 0, -4894.07, 0, 0, 0, 0, 1, 0, 2020.3, 1626.57, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 176.563, 0, 0, 0, 0, -176.563, 0, 0, 0, 0, -0.000232423, 0, 3316.42, 4421.62, -0.992927, 1 

 0.00566371, 0, 0, 0, 0, -0.00566371, 0, 0, 0, 0, -4302.51, 0, -18.7832, 25.0428, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.297494, 0, 0, 0, 0, 

0.50956, 0, 0, -0, -0, -0.000232423, -0, 1.78652, -1.92373, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -11.4424, -0.568069, -1.66189, 9.21243, 57.2622, 58.2622, -9.36664, -

2.64382, 1.8128, 5.73775, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 

0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.412806, -0.0599558, -

0.0204942, 0.332356, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 17, 2, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 0, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 0 

 19.6092, 101.725, 183.84, 265.956, 348.071, 430.187, 512.302, 594.418, 676.533, 758.649, 840.764, 922.88, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, NO, 

NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 1, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila cruce Fx, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila cruce Fx : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 
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No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 699 DE 708 

 

 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

12.921, -0.1239, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.696281, 

9.68522, 11.2502, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00222348, 0, 0, 0, 0, 0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, -2.13454, 0, 1 

 449.745, 0, 0, 0, 0, 449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0435802, -0.0435802, 0, 0, 0.0218, 0.0218, 0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2662.49, -

2568.44, 2083.86, 1 

 0.0616317, 0, 0, 0, 0, 0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, -58.7781, 4245.07, 1 

 16.2254, 0, 0, 0, 0, 16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 953.698, -0.9934, 1 

 11.4731, 5.73917, 0.000143281, 0, -11.4731, 5.73917, 0.000143281, 0, 0, 14.0495, -0.00011706, 0, 1079.11, 

744.051, -0.993371, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.480159, -0.993371, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0435802, -0.0435802, 0, 0, -0.0218, -0.0218, -0.0533665, 0, 2616.44, 2616.44, -2137.61, 0, -2620.64, -

2526.58, 2186.32, 1 

 11.4731, -5.73917, 0.000143281, 0, -11.4731, -5.73917, 0.000143281, 0, 0, -14.0495, -0.00011706, 0, 

1079.11, 1175.95, -0.993371, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 960, 966.302, -0.9934, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -59.1665, 59.5548, 4245.07, 1 

 0.00222348, 0, 0, 0, 0, -0.00222348, 0, 0, 0, 0, 1, 0, -2.13454, 2.14855, 0, 1 

 0.0255102, 0.0127609, 0.000143281, 0, -0.0255102, 0.0127609, 0.000143281, 0, 0, 0.0312387, -0.00011706, 

0, 0.264834, -0.466148, -0.993371, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2616.44, 2616.44, -2137.61, 0, -2599.87, -2589.48, 

2134.75, 1 

 449.745, 0, 0, 0, 0, -449.745, 0, 0, 0, 0, 1, 0, 960, 966.302, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -3.64004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 3.64004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 
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 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -12.921, -0.1239, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 12.921, 0.1239, 1 

 16.2254, 0, 0, 0, 0, -16.2254, 0, 0, 0, 0, -0.000234013, 0, 1079.11, 1175.95, -0.993371, 1 

 0.0616317, 0, 0, 0, 0, -0.0616317, 0, 0, 0, 0, -4273.27, 0, -66.5073, 72.4758, 4245.2, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000234013, 0, -0, -0, -0.9934, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4273.27, 0, 0, 0, 4245.07, 1 

 8.61849, 19, 3.64004 

 -3480.19, -3469.81, 2853.97 

 0, 0, 1 

 0, 0, 0 

 0, 0, 56.9807 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.2028, 8518.35, -27.7186, -19.4073, 27.7186, 19.4073, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34082, -12.9207, -5682.98, 1, 0.0316903, 0, 0, 0, 0, 

0.0432678, 0, 0, -0, -0, -0.000234013, -0, -5.62932e-017, -0.0168044, -0.9934, 1, 0, 0, 1024, 750 

 NO, 0.6096, 0.6096, 4, NO, NO, -59.1665, 59.1665, -58.7781, 59.5548, 56.9807, 57.9807, -31.5554, 31.5554, 

-22.7235, 23.5003, 56.9807, 57.9807, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1024, 750, 0, 448, 585, 1472, 1335, 0, 0, 0, 1164, 750, 0, -2.13454, -2.12053, 2.13454, 2.14855, 

0, -2.13454, -2.12053, 2.13454, 2.14855, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 0, 0, 0, 

53, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -1356.47, -1260.8, -1165.13, -1069.46, -973.785, -878.115, -782.444, -686.773, -591.102, -495.432, -

399.761, -304.09, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Pila rampa extrema Fz, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

Pila rampa extrema Fz : Active 2, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 
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 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0, -0.0140116, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0.0140116, 0, 1 

 0.00218221, 0, 0, 0, 0, 0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, -2.09493, 0, 1 

 458.25, 0, 0, 0, 0, 458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0427714, -0.0427714, 0, 0, 0.0213955, 0.0213955, 0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -2679.12, 

-2586.61, 2102.7, 1 

 0.0604879, 0, 0, 0, 0, 0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, -57.68, 4274, 1 

 16.5322, 0, 0, 0, 0, 16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 953.579, -0.993375, 1 

 11.6901, 5.84769, 0.000142308, 0, -11.6901, 5.84769, 0.000142308, 0, 0, 14.3152, -0.000116264, 0, 

1081.36, 691.868, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.585122, -0.992927, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0427714, -0.0427714, 0, 0, -0.0213955, -0.0213955, -0.0523761, 0, 2634.34, 2634.34, -2152.23, 0, -

2638.04, -2545.54, 2203.27, 1 

 11.6901, -5.84769, 0.000142308, 0, -11.6901, -5.84769, 0.000142308, 0, 0, -14.3152, -0.000116264, 0, 

1081.36, 1228.13, -0.992927, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 960, 966.421, -0.993375, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -58.0684, 58.4568, 4274, 1 

 0.00218221, 0, 0, 0, 0, -0.00218221, 0, 0, 0, 0, 1, 0, -2.09493, 2.10894, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 458.25, 0, 0, 0, 0, -458.25, 0, 0, 0, 0, 1, 0, 960, 966.421, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 16.5322, 0, 0, 0, 0, -16.5322, 0, 0, 0, 0, -0.000232423, 0, 1081.36, 1228.13, -0.992927, 1 

 0.0604879, 0, 0, 0, 0, -0.0604879, 0, 0, 0, 0, -4302.51, 0, -65.4092, 74.2871, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 
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No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 702 DE 708 

 

 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.0311929, 0, 0, 0, 0, 

0.0485528, 0, 0, -0, -0, -0.000232423, -0, -1.10819e-016, -0.018857, -0.993375, 1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, -58.0684, 58.0684, -57.68, 58.4568, 57.2622, 58.2622, -32.0586, 32.0586, -

20.2077, 20.9845, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1060, 681, 0, 430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, -2.09493, -2.08091, 2.09493, 

2.10894, 0, -2.09493, -2.08091, 2.09493, 2.10894, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 

0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 2, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -148.873, -119.905, -90.9367, -61.9687, -33.0007, 0, 24.9353, 53.9033, 82.8713, 111.839, 140.807, 

169.775, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 68, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=Reac apoyo cruce service, , NO, 0, 0, NO 

 1, 0, 0, 0, 0, 1, 0, -1, 0, , , NO, NO, NO, 2, Reac apoyo cruce service : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 1, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -8.61849, -7.00004, 12.0689, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 8.61849, 12.0689, 7.00004, 1 

 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -8.61849, -7.00004, 12.0689, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 8.61849, 12.0689, 7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0540541, 0, 0, 0, 0, 0.0540541, 0, 0, 0, 0, -0.000252592, 0, -0, -0, -0.994519, 1 

 18.5, 0, 0, 0, 0, 18.5, 0, 0, 0, 0, -3958.96, 0, 0, 0, 3937.26, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.89555, -0.34655, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.89555, 0.34655, 0, 1 
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 0.000296509, 0, 0, 0, 0, 0.000296509, 0, 0, 0, 0, 1, 0, -0.284649, -0.284649, 0, 1 

 3372.57, 0, 0, 0, 0, 3372.57, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 182.301, 0, 0, 0, 0, 0, 0.000252592, 0, 0, 182.301, 0, 0, -3631.47, -1484.88, -0.997567, 1 

 0.00548542, 0, 0, 0, 0, 0, 0.00548542, 0, 0, 3958.96, 0, 0, 19.9202, -3925.19, 8.14521, 1 

 0.00548542, 0, 0, 0, 0, 0.00548542, 0, 0, 0, 0, -3958.96, 0, 11.3017, 1.14517, 3937.26, 1 

 182.301, 0, 0, 0, 0, 182.301, 0, 0, 0, 0, -0.000252592, 0, -2060.31, -208.766, -0.994519, 1 

 182.301, 0, 0, 0, 0, 0, 0.000252592, 0, 0, 182.301, 0, 0, -3631.47, -1484.88, -0.997567, 1 

 0.0540541, 0, 0, 0, 0, 0, 0.000252592, 0, 0, 0.0540541, 0, 0, -1.36141, -0.724931, -0.997567, 1 

 3372.57, 0, 0, 0, 0, -3372.57, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00548542, 0, 0, 0, 0, 0, -0.00548542, 0, 0, 3958.96, 0, 0, 19.9202, -3925.19, 18.6772, 1 

 182.301, 0, 0, 0, 0, 0, 0.000252592, 0, 0, -182.301, 0, 0, -3631.47, 3404.88, -0.997567, 1 

 182.301, 0, 0, 0, 0, -182.301, 0, 0, 0, 0, -0.000252592, 0, -2060.31, 2128.77, -0.994519, 1 

 0.00548542, 0, 0, 0, 0, -0.00548542, 0, 0, 0, 0, -3958.96, 0, 11.3017, 11.6772, 3937.26, 1 

 0.000296509, 0, 0, 0, 0, -0.000296509, 0, 0, 0, 0, 1, 0, 0.610901, 0.631199, 0, 1 

 0.0540541, 0, 0, 0, 0, 0, 0.000252592, 0, 0, 0.0540541, 0, 0, -0.465865, -0.378381, -0.997567, 1 

 18.5, 0, 0, 0, 0, 0, 18.5, 0, 0, 3958.96, 0, 0, 8.61849, -3925.19, 7.00004, 1 

 3372.57, 0, 0, 0, 0, -3372.57, 0, 0, 0, 0, 1, 0, -2060.31, 2128.77, 0, 1 

 18.5, 0, 0, 0, 0, 18.5, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 18.5, 0, 0, 0, 0, 18.5, 0, 0, 0, 0, -3958.96, 0, 0, 0, 3937.26, 1 

 0.0540541, 0, 0, 0, 0, 0.0540541, 0, 0, 0, 0, -0.000252592, 0, -0, -0, -0.994519, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 1, 0, 0, 0, 0, 0, -1, 0, -0, 1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 0, 1, 0, 0, -1, 0, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -7.00004, 12.0689, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 7.00004, -12.0689, 1 

 182.301, 0, 0, 0, 0, -182.301, 0, 0, 0, 0, -0.000252592, 0, -3631.47, 3404.88, -0.997567, 1 

 0.00548542, 0, 0, 0, 0, -0.00548542, 0, 0, 0, 0, -3958.96, 0, 19.9202, 18.6772, 3925.19, 1 

 0.0540541, 0, 0, 0, 0, 0.0540541, 0, 0, 0, 0, -0.000252592, 0, -0, -0, -0.994519, 1 

 18.5, 0, 0, 0, 0, 18.5, 0, 0, 0, 0, -3958.96, 0, 0, 0, 3937.26, 1 

 8.61849, 19, 7.00004 

 8.61849, -5707.22, 7.00004 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 0, -1, 0 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -21.7, 7896.22, -18.5, -6.99994, 18.5, 6.99994, 1, 0, 0, 0, 0, 0, -1, 0, 0, 1, 0, 0, -8.61849, -7.00004, 

-5707.22, 1, 0.343965, 0, 0, 0, 0, 0.535393, 0, 0, -0, -0, -0.000252592, -0, -5.6987, -3.4325, -0.994519, 

1, 0, 0, 1060, 681 

 NO, 0.6096, 0.6096, 4, NO, NO, 11.3017, 21.8337, 1.14517, 11.6772, 57.2622, 58.2622, 13.6604, 19.475, 

4.54339, 8.27896, 57.2622, 58.2622, 15, NO, YES, YES, NO, 0, -1, 0, 0, 0, 1, 0.4, 50, 0, 0, 1060, 681, 0, 

430, 619.5, 1490, 1300.5, 0, 0, 0, 1200, 681, 0, 0.610901, 0.0619009, 1.1802, 0.631199, 0, -2.06666, -

2.06666, 2.06666, 2.06666, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 0, 140, 0, 0, 0, 0, 48, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -674.657, -594.906, -515.155, -435.405, -355.654, -275.904, -196.153, -116.402, 0, 43.0989, 122.85, 

202.6, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 0.1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 
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 YES, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO 

 0 

 0 

 0 

 3, 12, 76, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P5 Barandilla, , NO, 0, 0, NO 

 0.681998, -0.731354, 0, 0.220106, 0.205252, 0.953638, -0.697446, -0.650379, 0.300957, , , NO, NO, NO, 2, 

P5 Barandilla : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01792, -

12.4723, 3.23726, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, -0.465167, 

10.5293, 10.9198, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01792, -

12.4723, 3.23726, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, -0.465167, 

10.5293, 10.9198, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.8691, -0.05625, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.8691, 0.05625, 0, 1 

 0.000414286, 0, 0, 0, 0, 0.000414286, 0, 0, 0, 0, 1, 0, -0.397714, -0.397714, 0, 1 

 2413.79, 0, 0, 0, 0, 2413.79, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 59.3899, 19.1673, 0.000160279, 0, -63.6878, 17.8738, 0.000149462, 0, 0, 83.0448, -6.91623e-005, 0, 

3756.05, -261.888, -0.993971, 1 

 0.00783167, -0.00839844, 0, 0, 0.00252757, 0.002357, 0.010951, 0, 3034.91, 2830.1, -1309.6, 0, -3040.85, 

-2776.66, 1302.63, 1 

 0.0114834, 0, 0, 0, 0, 0.0114834, 0, 0, 0, 0, -4351.46, 0, -35.1143, -9.46491, 4321.99, 1 

 87.0821, 0, 0, 0, 0, 87.0821, 0, 0, 0, 0, -0.000229808, 0, 3057.83, 824.224, -0.993227, 1 

 59.3899, 19.1673, 0.000160279, 0, -63.6878, 17.8738, 0.000149462, 0, 0, 83.0448, -6.91623e-005, 0, 

3756.05, -261.888, -0.993971, 1 

 0.0246044, 0.00794074, 0.000160279, 0, -0.026385, 0.00740486, 0.000149462, 0, 0, 0.0344043, -6.91623e-

005, 0, 1.15836, -0.506211, -0.993971, 1 

 2413.79, 0, 0, 0, 0, -2413.79, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.00783167, -0.00839844, 0, 0, -0.00252757, -0.002357, -0.010951, 0, 3034.91, 2830.1, -1309.6, 0, -3036, 

-2772.14, 1323.65, 1 

 59.3899, -19.1673, 0.000160279, 0, -63.6878, -17.8738, 0.000149462, 0, 0, -83.0448, -6.91623e-005, 0, 

3756.05, 2181.89, -0.993971, 1 

 87.0821, 0, 0, 0, 0, -87.0821, 0, 0, 0, 0, -0.000229808, 0, 3057.83, 1095.78, -0.993227, 1 
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 0.0114834, 0, 0, 0, 0, -0.0114834, 0, 0, 0, 0, -4351.46, 0, -35.1143, 12.5832, 4321.99, 1 

 0.000414286, 0, 0, 0, 0, -0.000414286, 0, 0, 0, 0, 1, 0, -1.26681, 0.453964, 0, 1 

 0.0246044, 0.00794074, 0.000160279, 0, -0.026385, 0.00740486, 0.000149462, 0, 0, 0.0344043, -6.91623e-

005, 0, 0.289262, -0.449961, -0.993971, 1 

 18.904, -20.2721, 0, 0, 6.10103, 5.6893, 26.4335, 0, 3034.91, 2830.1, -1309.6, 0, -3014.82, -2800.4, 

1311.65, 1 

 2413.79, 0, 0, 0, 0, -2413.79, 0, 0, 0, 0, 1, 0, 3057.83, 1095.78, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.681998, 0.220106, -0.697446, 0, -0.731354, 0.205252, -0.650379, 0, -2.77556e-017, 0.953638, 0.300957, 

0, 0, 0, 0, 1 

 0.681998, -0.731354, 0, 0, 0.220106, 0.205252, 0.953638, 0, -0.697446, -0.650379, 0.300957, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.01792, -12.4723, 3.23726, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.01792, 12.4723, -3.23726, 1 

 87.0821, 0, 0, 0, 0, -87.0821, 0, 0, 0, 0, -0.000229808, 0, 3756.05, 2181.89, -0.993971, 1 

 0.0114834, 0, 0, 0, 0, -0.0114834, 0, 0, 0, 0, -4351.46, 0, -43.1322, 25.0555, 4318.75, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000229808, 0, -0, -0, -0.993227, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4351.46, 0, 0, 0, 4321.99, 1 

 8.61849, 19, 7.00004 

 -3985.11, -3705.21, 1730.35 

 0.220106, 0.205252, 0.953638 

 0, 0, 0 

 0, 8.88178e-016, 57.2622 

 0, 0, 0 

 -0.697446, -0.650379, 0.300957 

 0.220106, 0.205252, 0.953638 

 NO, NO, NO, NO, NO, NO, NO 

 -29.4723, 8673.45, -27.7186, -19.9268, 27.7186, 19.9268, 0.681998, 0.220106, -0.697446, 0, -0.731354, 

0.205252, -0.650379, 0, 0, 0.953638, 0.300957, 0, 8.01807, -12.4724, -5709.96, 1, 0.146726, 0, 0, 0, 0, 

0.251319, 0, 0, -0, -0, -0.000229808, -0, 3.53467, -0.39185, -0.993227, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -35.1143, -13.0661, -9.46491, 12.5832, 57.2622, 58.2622, -30.9056, -

17.2748, -2.41983, 5.53817, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.697446, -0.650379, 0.300957, 

0.220106, 0.205252, 0.953638, 0.4, 50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 

693, 0, -1.26681, -0.341464, -0.471386, 0.453964, 0, -2.04618, -2.03217, 2.04618, 2.06019, 0, 0, 0, 1920, 

1920, 0, 0, 0, 1920, 1920, 0, 0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -20.353, -19.2392, -18.1254, -17.0116, -15.8978, -14.784, -13.6702, -12.5565, -11.4427, -10.3289, -

9.21509, -8.1013, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 2, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

NAME=P3 barandilla zona1, , NO, 0, 0, NO 

 0.707107, -0.707107, 0, 0.353715, 0.353715, 0.865894, -0.612279, -0.612279, 0.500228, , , NO, NO, NO, 2, 

P3 barandilla zona1 : Active 1, 1, NO, 2 

 0, NO, NO, YES, YES, YES, YES, YES, NO, NO, NO 

 NO, NO, NO, NO, NO 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 2. FICHEROS DE ENTRADA DE LOS 
MODELOS GENERALES DE MIDAS  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 706 DE 708 

 

 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 NO, NO, NO, NO, NO, NO, NO 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

YES, NO, NO, NO, NO, NO, NO, NO 

 0, 0, 0, 0, 1, 1 

 0 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, YES, NO, NO 

 NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO 

 , 0, 120, 0, 700, 0, 0, 0, 0, 1, 7, 0, 0, 65535, 20, 40, 30, 100, 0.01, 0.01, 0 

 YES, NO, NO, NO 

 0 

 0 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, -40, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34083, -

15.8304, -1.92691, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, -0.771129, 

9.61038, 14.6713, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0.31476, -0.34559, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -0.31476, 0.34559, 0, 1 

 0.000541039, 0, 0, 0, 0, 0.000541039, 0, 0, 0, 0, 1, 0, -0.519397, -0.519397, 0, 1 

 1848.3, 0, 0, 0, 0, 1848.3, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, -0, 1920, 0, 1 

 1, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1, 0, 0, 1920, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 47.1504, 23.586, 0.000142308, 0, -47.1504, 23.586, 0.000142308, 0, 0, 57.7384, -0.000116264, 0, 2031.26, 

-734.333, -0.992927, 1 

 0.0106044, -0.0106044, 0, 0, 0.0053046, 0.0053046, 0.0129857, 0, 2634.34, 2634.34, -2152.23, 0, -2635.71, 

-2592.63, 2148.48, 1 

 0.0149968, 0, 0, 0, 0, 0.0149968, 0, 0, 0, 0, -4302.51, 0, -23.1217, -4.8177, 4274, 1 

 66.6807, 0, 0, 0, 0, 66.6807, 0, 0, 0, 0, -0.000232423, 0, 1541.77, 321.247, -0.993375, 1 

 47.1504, 23.586, 0.000142308, 0, -47.1504, 23.586, 0.000142308, 0, 0, 57.7384, -0.000116264, 0, 2031.26, 

-734.333, -0.992927, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.579594, -0.9167, -0.992927, 1 

 1848.3, 0, 0, 0, 0, -1848.3, 0, 0, 0, 0, 1, 0, 960, 960, 0, 1 

 0.0106044, -0.0106044, 0, 0, -0.0053046, -0.0053046, -0.0129857, 0, 2634.34, 2634.34, -2152.23, 0, -

2625.52, -2582.44, 2173.41, 1 

 47.1504, -23.586, 0.000142308, 0, -47.1504, -23.586, 0.000142308, 0, 0, -57.7384, -0.000116264, 0, 

2031.26, 2654.33, -0.992927, 1 

 66.6807, 0, 0, 0, 0, -66.6807, 0, 0, 0, 0, -0.000232423, 0, 1541.77, 1598.75, -0.993375, 1 

 0.0149968, 0, 0, 0, 0, -0.0149968, 0, 0, 0, 0, -4302.51, 0, -23.1217, 23.9762, 4274, 1 

 0.000541039, 0, 0, 0, 0, -0.000541039, 0, 0, 0, 0, 1, 0, -0.834157, 0.864987, 0, 1 

 0.0255102, 0.0127609, 0.000142308, 0, -0.0255102, 0.0127609, 0.000142308, 0, 0, 0.0312387, -0.000116264, 

0, 0.264834, -0.57111, -0.992927, 1 

 19.6, -19.6, 0, 0, 9.80447, 9.80447, 24.0013, 0, 2634.34, 2634.34, -2152.23, 0, -2617.65, -2607.27, 

2152.65, 1 

 1848.3, 0, 0, 0, 0, -1848.3, 0, 0, 0, 0, 1, 0, 1541.77, 1598.75, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 
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 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -8.61849, -19, -7.00004, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 8.61849, 19, 7.00004, 1 

 0.707107, 0.353715, -0.612279, 0, -0.707107, 0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 0, 0, 0, 1 

 0.707107, -0.707107, 0, 0, 0.353715, 0.353715, 0.865894, 0, -0.612279, -0.612279, 0.500228, 0, 0, 0, 0, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 7.34083, -15.8304, -1.92691, 1 

 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -7.34083, 15.8304, 1.92691, 1 

 66.6807, 0, 0, 0, 0, -66.6807, 0, 0, 0, 0, -0.000232423, 0, 2031.26, 2654.33, -0.992927, 1 

 0.0149968, 0, 0, 0, 0, -0.0149968, 0, 0, 0, 0, -4302.51, 0, -30.4625, 39.8066, 4275.93, 1 

 0.0360769, 0, 0, 0, 0, 0.0360769, 0, 0, 0, 0, -0.000232423, 0, -0, -0, -0.993375, 1 

 27.7186, 0, 0, 0, 0, 27.7186, 0, 0, 0, 0, -4302.51, 0, 0, 0, 4274, 1 

 8.61849, 19, 7.00004 

 -3497.43, -3487.04, 2871.42 

 0, 0, 1 

 0, 0, 0 

 0, 0, 57.2622 

 0, 0, 0 

 -0.612, -0.612, 0.5 

 0, 0, 1 

 NO, NO, NO, NO, NO, NO, NO 

 -28.5029, 8576.51, -27.7186, -19.9268, 27.7186, 19.9268, 0.707107, 0.353715, -0.612279, 0, -0.707107, 

0.353715, -0.612279, 0, 0, 0.865894, 0.500228, 0, 7.34106, -15.8306, -5712.81, 1, 0.112352, 0, 0, 0, 0, 

0.192441, 0, 0, -0, -0, -0.000232423, -0, 0.980235, -1.84344, -0.993375, 1, 0, 0, 1187, 693 

 NO, 0.6096, 0.6096, 4, NO, NO, -23.1217, 5.67226, -4.8177, 23.9762, 57.2622, 58.2622, -17.6253, 0.175919, 

4.38286, 14.7757, 57.2622, 58.2622, 15, NO, YES, YES, NO, -0.612279, -0.612279, 0.500228, 0, 0, 1, 0.4, 

50, 0, 0, 1187, 693, 0, 366.5, 613.5, 1553.5, 1306.5, 0, 0, 0, 1187, 693, 0, -0.834157, -0.173807, 

0.204637, 0.864987, 0, -2.05945, -2.04544, 2.05945, 2.07346, 0, 0, 0, 1920, 1920, 0, 0, 0, 1920, 1920, 0, 

0, 0, 0, 0, 65535, 16711680, 49, YES 

 100, 0, 0, 0, -100, -100, 100, 100, YES, NO, NO, NO, NO, -6.76792e-015, 6.76792e-015 

 0, 0, 0 

 0, 0, 0 

 0, 0, 0 

 6, 0, 0, 0, 0 

 0.25, 12, 1, 30720, 32896, 0, 1, 1, 2, 0, 1, 1, 1, 1, 0, 0, 0, 2, 4, 0, 0, 0, NO, 0, 0, 3 

 -11.4707, -11.4412, -11.4116, -11.3821, -11.3525, -11.323, -11.2935, -11.2639, -11.2344, -11.2048, -

11.1753, -11.1457, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 NO, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, YES, NO, NO, NO, NO, YES, NO, NO, NO, 

NO, NO, NO, NO 

 0, 1, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0 

 0, 0, YES, NO, NO, 0, NO, 0, 0, NO, NO, 0, NO, 0, 0, 0, 0, NO, NO, NO, NO, 0, 0, NO, NO, 0, 0, 0, 0, 0, 

0, NO, NO, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1 

 0 

 0 

 YES, NO, NO, NO, NO, NO, NO, YES, YES, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, NO, 

NO, YES, NO, NO, NO 

 0 

 0 

 0 

 0, 1, 2, 1 

 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 

 

*LINK-KEY    ; Link Key 

; iKEY, TYPE, LINK KEY 

  1140, ELNK, 1010 

  1141, ELNK, 1020 

  1142, ELNK, 1030 

  1143, ELNK, 2110 

  1144, ELNK, 2120 

  1145, ELNK, 2130 

  1146, ELNK, 2140 

  1147, ELNK, 2210 

  1148, ELNK, 2220 

  1149, ELNK, 2230 

  1150, ELNK, 2240 

  1151, ELNK, 3110 

  1152, ELNK, 3120 

  1153, ELNK, 3130 

  1154, ELNK, 3140 
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  1155, ELNK, 3210 

  1156, ELNK, 3220 

  1157, ELNK, 3230 

  1158, ELNK, 3240 

  1159, ELNK, 4110 

  1160, ELNK, 4120 

  1161, ELNK, 4130 

  1162, ELNK, 4140 

  1163, ELNK, 4210 

  1164, ELNK, 4220 

  1165, ELNK, 4230 

  1166, ELNK, 4240 

  1167, ELNK, 5110 

  1168, ELNK, 5120 

  1169, ELNK, 5130 

  1170, ELNK, 5140 

  1173, ELNK, 5210 

  1174, ELNK, 5220 

  1175, ELNK, 5230 

  1176, ELNK, 5240 

  1177, ELNK, 6010 

  1178, ELNK, 6020 

  1179, ELNK, 6030 

  1180, ELNK, 6040 

  1181, ELNK, 7110 

  1182, ELNK, 7120 

  1183, ELNK, 7130 

  1184, ELNK, 7140 

  1185, ELNK, 7210 

  1186, ELNK, 7220 

  1187, ELNK, 7230 

  1188, ELNK, 7240 

  1189, ELNK, 102 

  1190, ELNK, 105 

  1191, ELNK, 102 

  1192, ELNK, 105 

  1193, ELNK, 102 

  1194, ELNK, 105 

  1195, ELNK, 102 

  1196, ELNK, 105 

  1197, ELNK, 102 

  1198, ELNK, 105 

  1199, ELNK, 123 

  1200, ELNK, 124 

 

*ENDDATA 
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DIRECCIÓN GENERAL DE OBRAS PARA EL TRANSPORTE 

 

 

 

CONTRATO NO: DGOT-IR-F-4-004-2020 

 

PROYECTO INTEGRAL DE LA CALZADA FLOTANTE LOS 

PINOS PARA LA CONEXIÓN PEATONAL DE MOLINO DEL 

REY, 1A. SECCIÓN – AV. COMPOSITORES 2A. SECC. DEL 

BOSQUE DE CHAPULTEPEC. 

 

TRAMO: 

AV. MOLINO DEL REY 1A. SECCIÓN -AV. COMPOSITORES 2A. SECC. DEL 

BOSQUE DE CHAPULTEPEC. 
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APÉNDICE: 

6. ANCLAJES DE COLUMNAS A CIMENTACIÓN 
A continuación, se incluyen las comprobaciones relativas al diseño de placas de anclaje que aseguran 

la vinculación entre columnas y cimentación. 

6.1. ANCLAJE COLUMNA 1 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 
Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P1 

Diseño 

Nombre P1 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 

Elementos estructurales 

Nombr

e 

Sección 

transversal 

β – 

Direcció

n 

[°] 

γ - 

Inclinació

n 

[°] 

α - 

Rotació

n 

[°] 

Desplazamien

to ex 

[mm] 

Desplazamien

to ey 

[mm] 

Desplazamien

to ez 

[mm] 

Fuerza

s en 

COL 
2 - 

BoxFl806x(806/8

06) 
0,0 -90,0 0,0 0 0 0 Nodo 
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Secciones 

Nombre Material 

2 - BoxFl806x(806/806) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - BoxFl806x(806/806) A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -1855,3 186,4 204,7 0,0 -421,3 -821,9 

LE3 COL -716,4 -93,2 -329,4 0,0 813,8 475,5 

LE4 COL -1243,2 -118,9 305,5 0,0 -766,3 444,4 

LE5 COL -1604,8 -170,8 -178,7 0,0 265,0 863,9 

LE6 COL -1544,5 149,7 -218,4 0,0 436,0 -915,9 

LE7 COL -1673,1 226,1 218,8 0,0 -457,0 -786,1 

LE8 COL -1591,4 -194,8 200,7 0,0 -417,9 748,0 

LE9 COL -1243,2 -118,9 305,5 0,0 -766,3 444,4 

LE10 COL -716,4 -93,2 -329,4 0,0 813,8 475,5 

LE11 COL -1460,9 -186,9 -934,3 0,0 -2248,4 -725,3 

LE13 COL -631,1 226,1 973,2 0,0 2514,1 492,2 

LE14 COL -1201,9 -415,7 -965,1 0,0 -2569,8 334,5 

LE15 COL -1050,3 295,6 881,2 0,0 2159,6 680,8 

LE16 COL -1421,8 -256,7 -715,8 0,0 -1705,7 -852,7 

LE17 COL -1110,8 535,6 709,5 0,0 1723,0 -428,8 

LE18 COL -1330,0 -557,8 -903,0 0,0 -2111,1 464,6 

LE19 COL -692,4 235,2 1036,0 0,0 2301,0 454,4 

LE20 COL -1140,7 -424,8 -1027,9 0,0 -2356,7 372,3 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1906 x 1906 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 

Anclajes 80,0 < 100% OK 

Soldaduras 77,5 < 100% OK 

Bloque de hormigón 17,9 < 100% OK 

Cortante 52,7 < 100% OK 

Pandeo No calculado  
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Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE14 251,0 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE14 228,6 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE11 186,9 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE14 205,2 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE18 151,8 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE19 135,4 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE20 114,3 0,0 0,0 OK 

BP1 344,7 2" LE13 310,3 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE15 150,6 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE14 131,0 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE14 146,4 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE11 149,3 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE11 141,2 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE14 123,8 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE14 137,8 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE15 140,0 0,0 0,0 OK 

 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE14  

 

 
Verificación de deformación, LE14  
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Tensión equivalente, LE14  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE13 270,9 0,1 1658,9 49,6 0,1 31,1 Aceptar OK 

A2 LE13 370,6 0,1 1658,9 67,9 0,1 52,5 Aceptar OK 

A3 LE11 307,6 0,1 1658,9 56,4 0,1 38,5 Aceptar OK 

A4 LE14 320,3 0,1 1658,9 58,7 0,1 41,2 Aceptar OK 

A5 LE13 255,0 0,1 1658,9 46,7 0,1 28,1 Aceptar OK 

A6 LE14 236,5 0,1 1658,9 43,3 0,1 24,8 Aceptar OK 

A7 LE13 371,4 0,1 1658,9 68,1 0,1 52,7 Aceptar OK 

A8 LE13 436,5 0,1 1658,9 80,0 0,1 68,9 Aceptar OK 

A9 LE14 355,3 0,1 1658,9 65,1 0,1 48,9 Aceptar OK 

A10 LE14 392,3 0,1 1658,9 71,9 0,1 57,7 Aceptar OK 

A11 LE13 340,9 0,1 1658,9 62,5 0,1 45,7 Aceptar OK 

A12 LE14 281,7 0,1 1658,9 51,6 0,1 33,2 Aceptar OK 

A13 LE13 103,6 0,1 1658,9 19,0 0,1 6,3 Aceptar OK 

A14 LE13 209,5 0,1 1658,9 38,4 0,1 20,3 Aceptar OK 

A15 LE11 283,2 0,1 1658,9 51,9 0,1 33,5 Aceptar OK 

A16 LE11 86,3 0,1 1658,9 15,8 0,1 4,6 Aceptar OK 

 

Datos de diseño 
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Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

 

Resultado detallado para A8 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥ 

 
436,5  kN 

Donde: 

 
– factor de resistencia 

 
– Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥ 

 
0,1  kN 

Donde: 

 
– factor de resistencia 

 
– Área a tracción 

 
– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 
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1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1658,9  kN ≥ 

 
1,5  kN 

Donde: 

 
– factor de resistencia 

 
– factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en tracción 

 
– suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,69  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a partir de todos 

los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a partir de todos 

los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 2411,0 kN en tracción y 1,5 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 804 50 LE13 102,8 137,0 75,0 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 804 50 LE13 73,9 98,5 75,0 Aceptar OK 

BP1 COL-bfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 804 50 LE14 72,6 96,7 75,0 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 804 50 LE14 98,4 131,2 75,0 Aceptar OK 

BP1 COL-w 1 E70xx ◢3/8"◣ ◢1/2"◣ 728 49 LE19 78,6 107,8 72,9 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 728 49 LE13 77,4 103,2 75,0 Aceptar OK 

BP1 COL-w 2 E70xx ◢3/8"◣ ◢1/2"◣ 728 49 LE11 72,9 102,3 71,3 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 728 49 LE11 74,1 108,2 68,5 Aceptar OK 

BP1 
Elemento 2-tfl 

1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE20 125,6 291,5 43,1 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE20 99,1 278,4 35,6 Aceptar OK 

BP1 Elemento 2-bfl E70xx ◢3/4"◣ ◢1 400 50 LE19 90,4 258,9 34,9 Aceptar OK 
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1 1/16"◣ 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE19 130,4 285,5 45,7 Aceptar OK 

BP1 
Elemento 2-w 

1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE19 46,8 326,4 14,3 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE20 49,0 316,3 15,5 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 34,8 45,7 76,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 35,5 46,6 76,3 Aceptar OK 

COL-bfl 

1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 32,8 42,3 77,4 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 32,1 41,5 77,3 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE14 35,5 47,2 75,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE14 35,1 46,6 75,2 Aceptar OK 

COL-bfl 

1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 31,9 42,3 75,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 31,6 41,8 75,5 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE14 35,2 46,6 75,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE14 34,8 46,1 75,6 Aceptar OK 

COL-tfl 

1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 32,0 41,5 77,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 32,6 42,3 77,2 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 35,4 46,2 76,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 36,2 47,0 77,1 Aceptar OK 

COL-tfl 

1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 32,8 42,3 77,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 31,9 41,3 77,4 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE19 32,5 43,2 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 31,1 45,9 67,8 Aceptar OK 

COL-w 

1 
RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 31,2 41,2 75,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 31,4 41,5 75,8 Aceptar OK 

BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE14 23,4 47,1 49,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE14 32,4 43,1 75,1 Aceptar OK 

COL-w 

1 
RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 28,8 38,4 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 28,9 38,5 75,0 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 16,5 48,1 34,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE14 30,8 41,1 74,8 Aceptar OK 

COL-w 

2 
RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 31,2 41,6 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 31,2 41,5 75,1 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE11 32,4 43,2 75,1 Aceptar OK 
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  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE11 25,6 46,9 54,6 Aceptar OK 

COL-w 

2 
RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 31,3 41,4 75,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 31,4 41,6 75,5 Aceptar OK 

 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

 

Resultado detallado para COL-tfl 1 / RIB2b 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
42,3  kN ≥ 

 
32,8  kN 

Donde: 

 
– resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
38,9° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 
– área eficaz del elemento de soldadura crítico 

 
– factor de resistencia para conexiones soldadas 

 

 

Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE14 686896 2278600 5,0 17,9 OK 

 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 
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Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section J8) 

 
27,8  MPa ≥ 

 
5,0  MPa 

Donde: 

 
– resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
686896 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2278600 mm2 – Superfície de apoyo del hormigón 

 
– factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE20 1111,8 19718,6 2110,8 52,7 OK 

 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 

 
19718,6  kN ≥ 

 
1111,8  kN 

Donde: 

 
– factor de resistencia para el aplastamiento de los tornillos 

 
– resistencia a compresión del hormigón 

 
– Área proyectada de la llave de cortante embebida en la dirección de la fuerza excluyendo la 

porción de la llave en contacto con el mortero sobre el elemento de hormigón 

 
– coeficiente de confinamiento 

 
– fuerza de plastificación de los anclajes traccionados 
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, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 
– carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2110,8  kN ≥ 

 
1111,8  kN 

Donde: 

 
– factor de resistencia de material de acero embebido para la armadura 

 – factor modificador para llave de cortante cargada bajo un ángulo con el borde del hormgión 

 
, donde: 

 
22,3 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de cortate 

hasta la superficie libre en la dirección del cortante. El área resistente de la llave de cortante 

se excluye del área proyectada 

 
– resistencia a compresión del hormigón 
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Listado de material 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1306,0-1306,0 (A709 

Gr.50) 

 

1 

Doble tendón de soldadura: a 

= 5/16" 

Doble tendón de soldadura: a 

= 3/8" 

Doble tendón de soldadura: a 

= 3/4" 

1612,0 

1459,6 

1223,8 

1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-350,0 (A709 

Gr.50) 

 

2 
Doble tendón de soldadura: a 

= 1/4" 
1040,0   

RIB2 
P1 1/2"x250,0-350,0 (A709 

Gr.50) 

 

2 
Doble tendón de soldadura: a 

= 1/4" 
1040,0   

RIB3 
P1 1/2"x250,0-350,0 (A709 

Gr.50) 

 

2 
Doble tendón de soldadura: a 

= 1/4" 
1040,0   

RIB4 
P1 1/2"x250,0-350,0 (A709 

Gr.50) 

 

2 
Doble tendón de soldadura: a 

= 1/4" 
1040,0   

 

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 5/16" 1/2" 1612,0 

Doble tendón de soldadura E70xx 3/8" 1/2" 1459,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 4160,0 

 

Anclajes 

Nombre Longitud Longitud del taladro Cuenta 
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[mm] [mm] 

1 1/2 A490 651 600 16 

 

Dibujo 

BP1 

P2"x1306-1306 (A709 Gr.50) 
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RIB1 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB2 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB3 

P1 1/2"x350-250 (A709 Gr.50) 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 20 DE 288 

 

 

 

RIB4 

P1 1/2"x350-250 (A709 Gr.50) 

 

Configuración de la norma 
Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 0,30 - AISC 360-16 J3.8 
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deslizamiento 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de hormigón Ninguno   

Resistencia del metal base en la cara de fusión de 

la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para secciones 

huecas 
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6.2. ANCLAJE COLUMNA 2 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P2 

Diseño 

Nombre P2 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl806x(806/

806) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl806x(806/806) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl806x(806/806) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -2459,5 -225,2 -215,4 47,9 449,0 -378,1 

LE3 COL -1475,8 52,1 -317,5 36,2 743,8 289,2 

LE4 COL -1285,5 -257,1 261,7 -16,5 -570,0 -167,1 

LE5 COL -1580,1 10,1 -258,7 44,6 517,8 354,3 

LE6 COL -1980,2 -132,4 -208,6 19,1 417,0 -476,0 

LE7 COL -1341,1 482,3 186,2 -39,9 -421,2 81,3 

LE8 COL -1433,5 -425,8 183,7 14,5 -404,2 -25,3 

LE9 COL -1355,0 -237,4 267,8 -55,3 -528,3 -174,8 

LE10 COL -1406,3 32,4 -323,6 75,0 702,1 296,9 

LE11 COL -3973,0 -1367,0 -437,1 -142,1 -473,0 -1183,5 

LE12 COL 1459,4 1508,1 398,7 132,5 608,7 1051,2 

LE13 COL 584,7 1457,9 751,4 134,9 1635,7 1166,0 

LE14 COL -3063,9 -1626,4 -789,4 -121,8 -1499,8 -1052,4 

LE15 COL 552,2 1438,6 769,8 140,2 1550,6 1201,9 

LE16 COL -3783,9 -1362,2 -434,4 -152,7 -499,2 -1192,4 

LE17 COL 812,1 1560,0 412,2 136,1 567,8 1004,2 

LE18 COL -3484,4 -1664,9 -798,8 -118,5 -1467,1 -1033,3 

LE19 COL 431,9 594,1 854,6 91,2 1344,1 580,2 

LE20 COL -2911,2 -762,6 -892,6 -78,1 -1208,3 -466,6 
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Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1906 x 1906 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 
Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 

Anclajes 81,4 < 100% OK 

Soldaduras 79,4 < 100% OK 

Bloque de hormigón 16,0 < 100% OK 

Cortante 82,2 < 100% OK 

Pandeo No calculado  

 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 27 DE 288 

 

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE18 275,6 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE13 214,3 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE13 178,6 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE18 232,4 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE18 274,1 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE15 309,7 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE13 159,5 0,0 0,0 OK 

BP1 344,7 2" LE13 310,3 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE13 162,7 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE12 105,0 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE13 94,6 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE13 174,0 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE13 166,9 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE12 142,2 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE14 78,8 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE13 141,9 0,0 0,0 OK 
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Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 

 
Verificación general, LE13  

 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 29 DE 288 

 

 

 
Verificación de deformación, LE13  

 

 
Tensión equivalente, LE13  
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Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE19 133,7 0,2 1658,9 24,5 0,2 9,6 Aceptar OK 

A2 LE13 426,4 0,3 1658,9 78,1 0,4 66,3 Aceptar OK 

A3 LE14 183,3 0,6 1658,9 33,6 0,4 16,2 Aceptar OK 

A4 LE12 225,2 0,7 1658,9 41,3 0,4 22,9 Aceptar OK 

A5 LE13 215,0 0,2 1658,9 39,4 0,4 21,2 Aceptar OK 

A6 LE14 70,0 0,6 1658,9 12,8 0,4 3,3 Aceptar OK 

A7 LE13 241,1 0,2 1658,9 44,2 0,4 25,6 Aceptar OK 

A8 LE13 440,9 0,2 1658,9 80,8 0,4 70,1 Aceptar OK 

A9 LE14 168,5 0,6 1658,9 30,9 0,4 14,1 Aceptar OK 

A10 LE12 162,5 0,7 1658,9 29,8 0,4 13,3 Aceptar OK 

A11 LE13 444,0 0,4 1658,9 81,4 0,4 70,9 Aceptar OK 

A12 LE12 314,9 0,6 1658,9 57,7 0,4 40,0 Aceptar OK 

A13 LE12 202,1 0,5 1658,9 37,0 0,4 19,1 Aceptar OK 

A14 LE19 102,1 0,2 1658,9 18,7 0,2 6,1 Aceptar OK 

A15 LE14 172,2 0,5 1658,9 31,6 0,4 14,6 Aceptar OK 

A16 LE14 41,6 0,4 1658,9 7,6 0,4 1,4 Aceptar OK 

 

Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 
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Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

 

Resultado detallado para A11 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  444,0  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,4  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 

 
, donde: 
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896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1658,9  kN ≥  7,0  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,71  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 2412,5 kN en tracción y 7,0 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 804 50 LE13 95,1 127,6 74,5 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 804 50 LE13 79,3 105,5 75,1 Aceptar OK 

BP1 COL-bfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 805 50 LE13 77,9 127,4 61,2 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 805 50 LE13 89,0 128,5 69,3 Aceptar OK 

BP1 COL-w 1 E70xx ◢3/8"◣ ◢1/2"◣ 728 49 LE13 90,5 120,5 75,1 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 728 49 LE13 79,4 105,7 75,1 Aceptar OK 

BP1 COL-w 2 E70xx ◢3/8"◣ ◢1/2"◣ 728 49 LE14 84,1 112,2 75,0 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 728 49 LE14 63,1 102,6 61,5 Aceptar OK 
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BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE18 220,1 292,6 75,2 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE15 174,2 299,7 58,1 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE16 108,2 309,9 34,9 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE15 176,0 303,6 58,0 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE18 60,1 247,1 24,3 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE17 76,2 229,0 33,3 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 29,0 42,0 69,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 35,5 46,9 75,5 Aceptar OK 

COL-

bfl 1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 32,3 42,4 76,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 31,2 41,0 76,1 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 31,2 43,0 72,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE1 13,1 44,2 29,7 Aceptar OK 

COL-

bfl 1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE1 17,0 39,2 43,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 20,8 41,5 50,2 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE19 16,2 47,1 34,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 31,4 42,6 73,8 Aceptar OK 

COL-

tfl 1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 20,5 39,0 52,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 23,1 38,3 60,4 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 35,3 45,6 77,4 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 37,3 47,1 79,4 Aceptar OK 

COL-

tfl 1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 32,3 42,3 76,4 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 31,3 41,0 76,3 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 35,7 46,0 77,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 36,6 46,8 78,1 Aceptar OK 

COL-

w 1 
RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 31,9 42,3 75,4 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 31,8 41,8 76,0 Aceptar OK 

BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 35,3 46,9 75,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 25,3 44,1 57,4 Aceptar OK 

COL- RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 23,8 41,3 57,6 Aceptar OK 
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w 1 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 27,3 42,5 64,3 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE17 15,4 44,2 34,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE19 14,7 41,5 35,4 Aceptar OK 

COL-

w 2 
RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE20 14,7 37,6 39,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE20 15,2 37,3 40,6 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 34,2 45,8 74,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 32,0 45,3 70,6 Aceptar OK 

COL-

w 2 
RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 31,5 41,5 75,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 31,7 41,8 75,8 Aceptar OK 

 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

 

Resultado detallado para BP1 / RIB2b 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
47,1  kN ≥  37,3  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
72,6° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 
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Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE14 915363 2613556 4,1 16,0 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
25,7  MPa ≥  4,1  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
915363 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2613556 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE18 1840,4 22098,7 2238,7 82,2 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 
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22098,7  kN ≥  1840,4  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2238,7  kN ≥  1840,4  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
25,7 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

 

Listado de material 
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Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1306,0-1306,0 

(A709 Gr.50) 

 

1 

Doble tendón de 

soldadura: a = 5/16" 

Doble tendón de 

soldadura: a = 3/8" 

Doble tendón de 

soldadura: a = 3/4" 

1612,0 

1459,6 

1223,8 

1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB2 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB3 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB4 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   
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Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 5/16" 1/2" 1612,0 

Doble tendón de soldadura E70xx 3/8" 1/2" 1459,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 4160,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 16 

Dibujo 

BP1 

P2"x1306-1306 (A709 Gr.50) 

 

RIB1 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB2 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB3 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB4 

P1 1/2"x350-250 (A709 Gr.50) 
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Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.3. ANCLAJE COLUMNA 3 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P3 

Diseño 

Nombre P3 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl847x(847/

847) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl847x(847/847) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl847x(847/847) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 

 

 

Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -3027,0 12,6 52,8 0,0 -10,0 2,7 

LE3 COL -1984,8 -13,0 -70,0 0,0 118,1 -90,8 

LE4 COL -1572,5 18,7 63,7 0,0 -107,3 21,3 

LE5 COL -1804,4 -37,2 32,1 0,0 11,1 554,6 

LE6 COL -1752,8 43,0 -38,3 0,0 -0,3 -624,1 

LE7 COL -2053,9 96,3 46,2 0,0 -18,3 -452,4 

LE8 COL -1503,3 -90,5 -52,4 0,0 29,0 382,9 
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LE9 COL -1810,1 14,3 77,4 0,0 -101,4 -44,1 

LE10 COL -1747,2 -8,5 -83,6 0,0 112,1 -25,4 

LE11 COL -2541,5 4,0 3,9 0,0 -2,8 -51,3 

LE13 COL -1544,9 139,2 309,0 0,0 187,3 703,2 

LE14 COL -1617,2 -132,5 -311,6 0,0 -180,7 -762,1 

LE15 COL -1004,3 238,8 207,1 0,0 85,5 1830,8 

LE16 COL -2157,8 -232,1 -209,7 0,0 -79,0 -1889,7 

LE17 COL -1556,5 308,3 210,0 0,0 86,2 1369,3 

LE18 COL -1605,6 -301,5 -212,6 0,0 -79,6 -1428,2 

LE19 COL -1238,9 138,6 329,1 0,0 109,4 677,5 

LE20 COL -1923,2 -131,8 -331,6 0,0 -102,8 -736,3 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1947 x 1947 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 

Anclajes 48,7 < 100% OK 

Soldaduras 75,3 < 100% OK 

Bloque de hormigón 15,1 < 100% OK 

Cortante 16,5 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE16 114,5 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE16 100,8 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE16 128,3 0,0 0,0 OK 
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COL-w 2 344,7 1 1/2" LE15 113,0 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE18 76,6 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE15 80,2 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE20 37,6 0,0 0,0 OK 

BP1 344,7 2" LE15 239,5 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE15 116,4 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE16 119,1 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE15 109,9 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE16 123,8 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE16 134,8 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE16 134,0 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE15 126,0 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE15 133,9 0,0 0,0 OK 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE16  

 

 

 
Verificación de deformación, LE16   
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Tensión equivalente, LE16  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE16 175,1 0,2 1719,8 32,1 0,2 15,0 Aceptar OK 

A2 LE15 246,6 0,2 1719,8 45,2 0,2 26,6 Aceptar OK 

A3 LE16 181,7 0,2 1719,8 33,3 0,2 16,0 Aceptar OK 

A4 LE15 238,2 0,2 1719,8 43,6 0,2 25,1 Aceptar OK 

A5 LE15 34,1 0,2 1719,8 6,2 0,2 1,0 Aceptar OK 

A6 LE15 24,3 0,2 1719,8 4,5 0,2 0,6 Aceptar OK 

A7 LE16 101,3 0,2 1719,8 18,6 0,2 6,0 Aceptar OK 

A8 LE15 165,3 0,2 1719,8 30,3 0,2 13,7 Aceptar OK 

A9 LE16 112,4 0,2 1719,8 20,6 0,2 7,2 Aceptar OK 

A10 LE15 152,1 0,2 1719,8 27,9 0,2 11,9 Aceptar OK 

A11 LE15 265,8 0,2 1719,8 48,7 0,2 30,2 Aceptar OK 

A12 LE15 257,1 0,2 1719,8 47,1 0,2 28,5 Aceptar OK 

A13 LE15 125,4 0,2 1719,8 23,0 0,2 8,6 Aceptar OK 

A14 LE16 190,1 0,2 1719,8 34,8 0,2 17,3 Aceptar OK 

A15 LE16 197,7 0,2 1719,8 36,2 0,2 18,4 Aceptar OK 

A16 LE16 92,8 0,2 1719,8 17,0 0,2 5,2 Aceptar OK 

 

Datos de diseño 

Calidad ϕNsa ϕVsa 
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[kN] [kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A11 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  265,8  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,2  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 

 
, donde: 
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896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1719,8  kN ≥  3,4  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,30  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 1508,9 kN en tracción y 3,4 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 845 50 LE15 42,4 99,2 42,7 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 846 50 LE16 50,6 133,4 37,9 Aceptar OK 

BP1 COL-bfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 846 50 LE16 46,3 134,3 34,5 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 845 50 LE15 45,5 97,7 46,6 Aceptar OK 

BP1 COL-w 1 E70xx ◢3/8"◣ ◢1/2"◣ 769 51 LE15 65,2 129,1 50,6 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 769 51 LE15 63,1 106,3 59,4 Aceptar OK 

BP1 COL-w 2 E70xx ◢3/8"◣ ◢1/2"◣ 769 51 LE16 50,5 105,7 47,8 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 769 51 LE16 49,3 128,9 38,3 Aceptar OK 

BP1 
Elemento 2-tfl 

1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE16 68,6 275,3 24,9 Aceptar OK 
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  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE16 44,3 240,5 18,4 Aceptar OK 

BP1 
Elemento 2-bfl 

1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE15 45,6 240,8 18,9 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE15 75,0 273,7 27,4 Aceptar OK 

BP1 Elemento 2-w 1 E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE15 27,6 307,0 9,0 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE15 21,1 308,5 6,8 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 9,9 48,0 20,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 25,5 42,6 59,9 Aceptar OK 

COL-bfl 

1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 26,5 38,1 69,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 23,5 38,8 60,7 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 32,2 42,9 75,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 13,8 48,1 28,7 Aceptar OK 

COL-bfl 

1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 25,3 38,9 65,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 28,2 38,3 73,8 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 24,9 41,8 59,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 9,4 48,1 19,5 Aceptar OK 

COL-tfl 1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 20,4 38,8 52,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 22,6 38,1 59,3 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 14,5 48,0 30,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 32,6 43,4 75,0 Aceptar OK 

COL-tfl 1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 28,5 38,0 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 28,0 38,6 72,4 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 26,4 45,4 58,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 33,7 46,1 73,1 Aceptar OK 

COL-w 1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 31,5 41,9 75,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 31,6 42,1 75,2 Aceptar OK 

BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 33,4 44,5 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 25,5 45,4 56,2 Aceptar OK 

COL-w 1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 31,6 42,1 75,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 31,5 41,9 75,1 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 28,8 44,6 64,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 24,2 45,4 53,3 Aceptar OK 

COL-w 2 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 28,7 39,7 72,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 28,4 41,8 67,9 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 25,4 45,3 56,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 29,9 44,7 66,9 Aceptar OK 

COL-w 2 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 31,5 41,9 75,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 31,3 42,0 74,4 Aceptar OK 

Explicación del símbolo 
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Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para COL-w 1 / RIB3a 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
41,9  kN ≥  31,5  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
37,4° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 

 

Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE16 807080 2478043 4,0 15,1 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
26,7  MPa ≥  4,0  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 
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, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
807080 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2478043 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE20 355,7 20559,3 2153,9 16,5 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 

 
20559,3  kN ≥  355,7  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 
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896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2153,9  kN ≥  355,7  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
21,6 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

 

Listado de material 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1347,0-1347,0 

(A709 Gr.50) 

 

1 

Doble tendón de 

soldadura: a = 5/16" 

Doble tendón de 

soldadura: a = 3/8" 

Doble tendón de 

soldadura: a = 3/4" 

1694,0 

1541,6 

1223,8 

1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   
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RIB2 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB3 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB4 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

 

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 5/16" 1/2" 1694,0 

Doble tendón de soldadura E70xx 3/8" 1/2" 1541,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 4160,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 16 

Dibujo 

BP1 

P2"x1347-1347 (A709 Gr.50) 
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RIB1 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB2 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB3 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB4 

P1 1/2"x350-250 (A709 Gr.50) 
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Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.4. ANCLAJE COLUMNA 4 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P4 

Diseño 

Nombre P4 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 

 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 61 DE 288 

 

 

Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl751x(751/

751) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl751x(751/751) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl751x(751/751) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -2825,5 13,8 32,6 0,0 -49,2 27,6 

LE3 COL -1502,2 -5,2 -59,7 0,0 126,3 -62,3 

LE4 COL -1860,5 11,3 65,5 0,0 -173,1 -17,9 

LE5 COL -1580,8 -45,8 19,5 0,0 7,8 763,4 

LE6 COL -1781,8 51,9 -13,7 0,0 -54,6 -843,6 

LE7 COL -1651,8 118,9 34,2 0,0 -55,6 -518,8 

LE8 COL -1710,9 -112,9 -28,5 0,0 8,8 438,7 

LE9 COL -1815,3 11,6 66,4 0,0 -169,9 -11,5 

LE10 COL -1547,3 -5,6 -60,6 0,0 123,1 -68,7 

LE11 COL -2378,4 6,9 6,2 0,0 -35,6 -51,2 

LE13 COL -1139,3 89,0 340,6 0,0 455,9 1004,2 

LE14 COL -1834,1 -81,2 -334,6 0,0 -497,5 -1077,5 

LE15 COL -1193,8 156,0 193,0 0,0 208,6 2631,7 

LE16 COL -1779,7 -148,1 -187,0 0,0 -250,2 -2705,0 

LE17 COL -1701,4 248,6 196,1 0,0 200,0 1906,4 

LE18 COL -1272,1 -240,8 -190,1 0,0 -241,7 -1979,7 

LE19 COL -1687,1 87,9 361,1 0,0 366,6 979,8 

LE20 COL -1286,3 -80,1 -355,2 0,0 -408,2 -1053,1 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1851 x 1851 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 

Anclajes 84,2 < 100% OK 
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Soldaduras 85,9 < 100% OK 

Bloque de hormigón 22,5 < 100% OK 

Cortante 18,8 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE16 192,4 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE15 179,8 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE16 208,2 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE15 195,7 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE16 84,6 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE15 90,0 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE15 53,6 0,0 0,0 OK 

BP1 344,7 2" LE15 310,3 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE15 165,1 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE16 160,8 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE15 159,4 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE16 165,2 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE15 234,1 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE15 220,7 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE16 201,6 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE16 219,5 0,0 0,0 OK 

 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE16  

 

 

 
Verificación de deformación, LE16   
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Tensión equivalente, LE16  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE16 327,4 0,3 1580,7 60,0 0,3 42,7 Aceptar OK 

A2 LE15 385,5 0,3 1580,7 70,7 0,3 56,1 Aceptar OK 

A3 LE16 369,7 0,3 1580,7 67,8 0,3 52,3 Aceptar OK 

A4 LE15 352,5 0,3 1580,7 64,6 0,3 48,3 Aceptar OK 

A5 LE15 63,4 0,3 1580,7 11,6 0,3 2,8 Aceptar OK 

A6 LE16 54,7 0,3 1580,7 10,0 0,3 2,2 Aceptar OK 

A7 LE16 236,2 0,3 1580,7 43,3 0,3 24,8 Aceptar OK 

A8 LE15 314,3 0,3 1580,7 57,6 0,3 39,9 Aceptar OK 

A9 LE16 294,7 0,3 1580,7 54,0 0,3 35,8 Aceptar OK 

A10 LE15 265,9 0,3 1580,7 48,7 0,3 30,2 Aceptar OK 

A11 LE15 459,4 0,3 1580,7 84,2 0,3 75,1 Aceptar OK 

A12 LE15 436,6 0,3 1580,7 80,0 0,3 69,0 Aceptar OK 

A13 LE15 225,8 0,3 1580,7 41,4 0,3 23,0 Aceptar OK 

A14 LE16 410,9 0,3 1580,7 75,3 0,3 62,3 Aceptar OK 

A15 LE16 439,1 0,3 1580,7 80,5 0,3 69,6 Aceptar OK 

A16 LE16 213,1 0,3 1580,7 39,1 0,3 20,9 Aceptar OK 
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Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A11 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  459,4  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,3  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 
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, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1580,7  kN ≥  4,6  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 0,75  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 2541,1 kN en tracción y 4,6 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 750 50 LE16 97,2 131,7 73,8 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 750 50 LE15 66,4 92,5 71,8 Aceptar OK 

BP1 COL-bfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 750 50 LE15 81,9 134,1 61,1 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 750 50 LE16 71,3 103,9 68,6 Aceptar OK 

BP1 COL-w 1 E70xx ◢3/8"◣ ◢1/2"◣ 674 52 LE15 98,5 132,0 74,6 Aceptar OK 
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  E70xx ◢3/8"◣ ◢1/2"◣ 673 52 LE15 82,6 110,0 75,1 Aceptar OK 

BP1 COL-w 2 E70xx ◢3/8"◣ ◢1/2"◣ 674 52 LE16 81,4 108,4 75,1 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 674 52 LE16 92,4 131,4 70,4 Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE16 86,3 267,1 32,3 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE16 59,5 243,8 24,4 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE15 60,7 243,2 25,0 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE15 90,2 266,9 33,8 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE15 52,8 290,2 18,2 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE16 49,0 290,8 16,9 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 32,3 46,0 70,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 35,7 47,0 76,1 Aceptar OK 

COL-

bfl 1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 31,9 42,1 75,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 31,2 41,4 75,5 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 35,9 47,5 75,7 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 31,0 41,3 75,0 Aceptar OK 

COL-

bfl 1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 28,6 38,0 75,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 31,2 41,5 75,1 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 35,0 46,4 75,4 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 26,2 42,5 61,7 Aceptar OK 

COL-

tfl 1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 28,9 38,6 75,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 28,7 38,2 75,2 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 34,5 45,9 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 36,4 47,6 76,5 Aceptar OK 

COL-

tfl 1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 32,3 42,3 76,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 31,2 41,0 76,1 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 37,7 45,7 82,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 40,1 46,6 85,9 Aceptar OK 

COL-

w 1 
RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 33,5 42,5 78,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 33,2 42,2 78,7 Aceptar OK 
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BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 39,2 46,7 83,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 36,7 45,5 80,5 Aceptar OK 

COL-

w 1 
RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 32,8 42,5 77,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 33,1 42,8 77,2 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 38,1 46,8 81,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 35,7 45,4 78,7 Aceptar OK 

COL-

w 2 
RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 32,7 42,6 76,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 32,9 42,9 76,8 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 36,8 45,6 80,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 39,1 46,7 83,7 Aceptar OK 

COL-

w 2 
RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 33,3 42,6 78,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 33,0 42,3 78,0 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para BP1 / RIB3a 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
46,6  kN ≥  40,1  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
69,5° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 
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Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE16 667963 2213845 6,3 22,5 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
27,7  MPa ≥  6,3  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
667963 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2213845 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE19 370,7 20092,7 1969,2 18,8 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 
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20092,7  kN ≥  370,7  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
1969,2  kN ≥  370,7  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
13,6 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

 

Listado de material 
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Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1251,0-1251,0 

(A709 Gr.50) 

 

1 

Doble tendón de 

soldadura: a = 5/16" 

Doble tendón de 

soldadura: a = 3/8" 

Doble tendón de 

soldadura: a = 3/4" 

1502,0 

1349,6 

1223,8 

1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB2 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB3 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB4 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 5/16" 1/2" 1502,0 

Doble tendón de soldadura E70xx 3/8" 1/2" 1349,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 4160,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 16 
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Dibujo 

BP1 

P2"x1251-1251 (A709 Gr.50) 

 

RIB1 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB2 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB3 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB4 

P1 1/2"x350-250 (A709 Gr.50) 

 

Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 
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Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.5. ANCLAJE COLUMNA 5 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P5 

Diseño 

Nombre P5 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl795x(795/

795) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl795x(795/795) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl795x(795/795) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -2832,6 14,7 1,9 0,0 12,6 -6,9 

LE3 COL -1919,7 18,8 -25,3 0,0 133,6 -18,6 

LE4 COL -1404,3 -15,6 17,7 0,0 -113,2 -38,1 

LE5 COL -1668,2 -28,2 15,9 0,0 -7,7 556,9 

LE6 COL -1655,7 31,5 -23,4 0,0 28,1 -613,5 

LE7 COL -1803,4 110,5 1,4 0,0 43,9 -502,2 

LE8 COL -1520,5 -107,3 -9,0 0,0 -23,5 445,6 

LE9 COL -1539,9 18,1 47,3 0,0 -108,5 74,6 

LE10 COL -1784,1 -14,8 -54,8 0,0 128,9 -131,3 

LE11 COL -2432,1 -165,9 -388,6 0,0 -207,3 -521,0 

LE13 COL -1345,7 171,4 365,0 0,0 278,6 448,9 

LE14 COL -1597,9 -166,0 -372,7 0,0 -257,3 -499,9 

LE15 COL -1018,3 364,1 173,0 0,0 105,3 1320,0 

LE16 COL -1925,3 -358,8 -180,8 0,0 -84,1 -1371,0 

LE17 COL -1527,4 436,5 171,3 0,0 109,7 842,4 

LE18 COL -1416,2 -431,2 -179,1 0,0 -88,4 -893,4 

LE19 COL -761,2 169,3 387,6 0,0 197,7 498,3 

LE20 COL -2182,4 -163,9 -395,4 0,0 -176,5 -549,4 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1895 x 1895 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 
Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 

Anclajes 36,1 < 100% OK 
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Soldaduras 70,5 < 100% OK 

Bloque de hormigón 13,0 < 100% OK 

Cortante 21,5 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE16 99,1 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE15 87,1 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE16 107,9 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE15 95,4 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE18 83,0 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE15 82,8 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE20 45,7 0,0 0,0 OK 

BP1 344,7 2" LE15 170,6 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE15 97,2 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE16 97,1 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE15 87,4 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE16 103,4 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE16 118,6 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE16 108,3 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE15 96,7 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE15 110,0 0,0 0,0 OK 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE16  

 

 
Verificación de deformación, LE16  

 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 84 DE 288 

 

 

 
Tensión equivalente, LE16   

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE16 115,5 0,2 1644,4 21,2 0,2 7,5 Aceptar OK 

A2 LE15 171,8 0,2 1644,4 31,5 0,2 14,6 Aceptar OK 

A3 LE16 124,5 0,2 1644,4 22,8 0,2 8,5 Aceptar OK 

A4 LE15 157,5 0,2 1644,4 28,9 0,2 12,6 Aceptar OK 

A5 LE15 21,9 0,2 1644,4 4,0 0,2 0,5 Aceptar OK 

A6 LE15 10,9 0,2 1644,4 2,0 0,2 0,2 Aceptar OK 

A7 LE16 66,1 0,2 1644,4 12,1 0,2 3,0 Aceptar OK 

A8 LE15 120,7 0,2 1644,4 22,1 0,2 8,1 Aceptar OK 

A9 LE16 79,0 0,2 1644,4 14,5 0,2 4,0 Aceptar OK 

A10 LE15 102,1 0,2 1644,4 18,7 0,2 6,1 Aceptar OK 

A11 LE15 196,8 0,2 1644,4 36,1 0,2 18,3 Aceptar OK 

A12 LE15 184,6 0,2 1644,4 33,8 0,2 16,4 Aceptar OK 

A13 LE15 90,5 0,2 1644,4 16,6 0,2 5,0 Aceptar OK 

A14 LE16 135,6 0,2 1644,4 24,9 0,2 9,8 Aceptar OK 

A15 LE16 144,6 0,2 1644,4 26,5 0,2 10,9 Aceptar OK 

A16 LE16 65,9 0,2 1644,4 12,1 0,2 3,0 Aceptar OK 

 

Datos de diseño 
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Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

 

Resultado detallado para A11 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  196,8  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,2  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 
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, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1644,4  kN ≥  2,9  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,18  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 1056,9 kN en tracción y 3,0 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 794 50 LE16 42,1 130,4 32,3 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 794 50 LE16 43,0 132,3 32,5 Aceptar OK 

BP1 COL-bfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 794 50 LE16 38,1 133,2 28,6 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 794 50 LE15 37,1 129,0 28,8 Aceptar OK 

BP1 COL-w 1 E70xx ◢3/8"◣ ◢1/2"◣ 717 51 LE15 45,2 120,6 37,4 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 717 51 LE15 46,3 107,2 43,2 Aceptar OK 
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BP1 COL-w 2 E70xx ◢3/8"◣ ◢1/2"◣ 717 51 LE16 38,0 107,5 35,4 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 717 51 LE16 34,6 120,7 28,6 Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE16 62,8 289,7 21,7 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE20 38,8 255,8 15,2 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE19 37,8 254,8 14,8 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE15 66,2 287,8 23,0 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE17 18,8 246,4 7,6 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE17 17,8 234,5 7,6 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE17 8,0 43,9 18,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 22,5 45,6 49,3 Aceptar OK 

COL-

bfl 1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 22,0 38,1 57,7 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 19,1 39,1 48,8 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 21,6 42,1 51,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 10,2 45,7 22,4 Aceptar OK 

COL-

bfl 1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 19,0 39,2 48,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 21,7 38,2 56,9 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 20,2 45,5 44,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE5 7,0 42,8 16,5 Aceptar OK 

COL-

tfl 1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 15,1 39,2 38,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 17,3 38,1 45,3 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 10,9 45,0 24,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 23,4 42,5 55,0 Aceptar OK 

COL-

tfl 1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 25,6 38,2 67,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 22,0 39,1 56,2 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 21,7 45,1 48,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 28,2 44,2 63,8 Aceptar OK 

COL-

w 1 
RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 26,8 39,4 68,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 27,7 39,3 70,5 Aceptar OK 

BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 27,4 44,0 62,2 Aceptar OK 
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  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 20,6 45,4 45,4 Aceptar OK 

COL-

w 1 
RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 24,6 39,4 62,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 23,7 39,5 60,1 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 23,2 44,6 51,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 19,2 45,4 42,3 Aceptar OK 

COL-

w 2 
RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 21,7 41,6 52,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 21,2 41,8 50,8 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 20,9 45,3 46,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 24,5 44,7 54,8 Aceptar OK 

COL-

w 2 
RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 24,2 39,5 61,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 25,0 39,4 63,6 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para COL-w 1 / RIB3a 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
39,3  kN ≥  27,7  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
27,7° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 

 

Bloque de hormigón 
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Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE16 783204 2327573 3,4 13,0 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
26,3  MPa ≥  3,4  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
783204 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2327573 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE17 466,7 19758,5 2173,1 21,5 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 

 
19758,5  kN ≥  466,7  kN 
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Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2173,1  kN ≥  466,7  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
21,4 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

 

Listado de material 

Operaciones 
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Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1295,0-1295,0 

(A709 Gr.50) 

 

1 

Doble tendón de 

soldadura: a = 5/16" 

Doble tendón de 

soldadura: a = 3/8" 

Doble tendón de 

soldadura: a = 3/4" 

1590,0 

1437,6 

1223,8 

1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB2 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB3 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB4 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 5/16" 1/2" 1590,0 

Doble tendón de soldadura E70xx 3/8" 1/2" 1437,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 4160,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 16 

Dibujo 
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BP1 

P2"x1295-1295 (A709 Gr.50) 

 

RIB1 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB2 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB3 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB4 

P1 1/2"x350-250 (A709 Gr.50) 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 94 DE 288 

 

 

 
 

Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.6. ANCLAJE COLUMNA 6 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P6 

Diseño 

Nombre P6 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl761x(761/

761) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl761x(761/761) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 

 

 

Secciones 

Nombre Material Dibujo 
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2 - 

BoxFl761x(761/761) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE20 COL -2503,2 -254,1 85,1 -29,3 -379,9 -237,3 

LE22 COL -1009,0 382,8 -130,7 15,3 554,0 23,1 

LE23 COL -1738,0 -214,8 176,3 7,3 -782,9 -342,8 

LE24 COL -1418,4 -160,1 -16,4 -8,7 39,0 531,6 

LE25 COL -1629,8 -5,1 -5,0 -34,3 -0,7 -498,8 

LE26 COL -1141,2 533,0 -82,6 19,6 356,7 -335,0 

LE27 COL -1239,3 -440,8 -72,0 -23,9 306,0 330,1 

LE28 COL -1701,8 -179,1 179,8 64,3 -748,3 -311,8 

LE29 COL -1045,2 347,1 -134,1 -41,6 519,4 -7,8 

LE30 COL -3684,7 -1431,9 -449,4 -181,2 -1661,3 -293,8 

LE31 COL 1271,2 1264,0 485,8 148,9 1468,8 578,1 

LE32 COL 77,8 502,5 841,3 175,4 2550,9 378,4 

LE33 COL -2491,3 -670,4 -805,0 -207,7 -2743,4 -94,0 

LE34 COL 595,9 1245,3 477,5 160,2 1492,5 697,0 

LE35 COL -3359,9 -1309,1 -458,6 -138,5 -1391,2 -712,0 

LE36 COL 542,1 1589,3 442,9 147,1 1427,3 306,4 

LE37 COL -3349,9 -1548,0 -493,5 -190,8 -1466,3 -281,5 

LE38 COL -425,0 576,5 918,9 151,7 2220,7 366,5 

LE39 COL -1988,5 -744,4 -882,5 -184,0 -2413,2 -82,2 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1861 x 1861 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,1 < 5,0% OK 
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Anclajes 91,2 < 100% OK 

Soldaduras 89,7 < 100% OK 

Bloque de hormigón 23,4 < 100% OK 

Cortante 79,1 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE33 282,8 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE38 228,0 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE33 198,1 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE37 233,7 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE37 299,0 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE36 308,9 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE37 164,4 0,0 0,0 OK 

BP1 344,7 2" LE32 310,4 0,1 0,0 OK 

RIB1a 344,7 1 1/2" LE32 236,8 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE33 178,1 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE32 237,5 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE32 267,3 0,1 0,0 OK 

RIB3a 344,7 1 1/2" LE32 238,7 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE33 129,3 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE32 152,5 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE32 146,3 0,0 0,0 OK 

 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE32  
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Verificación de deformación, LE32  

 

 
Tensión equivalente, LE32  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE32 343,4 0,2 1595,1 62,9 0,2 46,2 Aceptar OK 

A2 LE32 415,2 0,5 1595,1 76,1 0,2 63,4 Aceptar OK 

A3 LE33 301,7 0,5 1595,1 55,3 0,2 37,3 Aceptar OK 

A4 LE33 267,3 0,6 1595,1 49,0 0,2 30,5 Aceptar OK 

A5 LE32 280,4 0,2 1595,1 51,4 0,2 33,0 Aceptar OK 

A6 LE33 199,9 0,5 1595,1 36,6 0,2 18,8 Aceptar OK 

A7 LE32 461,1 0,2 1595,1 84,5 0,2 75,5 Aceptar OK 

A8 LE32 497,8 0,3 1595,1 91,2 0,2 85,8 Aceptar OK 

A9 LE33 363,9 0,5 1595,1 66,7 0,2 50,9 Aceptar OK 

A10 LE33 346,4 0,5 1595,1 63,5 0,2 46,9 Aceptar OK 

A11 LE32 427,0 0,4 1595,1 78,2 0,2 66,4 Aceptar OK 

A12 LE33 201,5 0,4 1595,1 36,9 0,2 19,0 Aceptar OK 

A13 LE31 137,4 0,5 1595,1 25,2 0,4 10,0 Aceptar OK 

A14 LE32 308,9 0,1 1595,1 56,6 0,2 38,7 Aceptar OK 
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A15 LE33 252,2 0,3 1595,1 46,2 0,2 27,6 Aceptar OK 

A16 LE32 56,7 0,2 1595,1 10,4 0,2 2,3 Aceptar OK 

 

Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A8 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  497,8  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,3  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 
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 – resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1595,1  kN ≥  3,8  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,86  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 2941,0 kN en tracción y 3,8 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 760 51 LE32 108,1 139,9 77,2 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 760 51 LE32 86,5 114,5 75,6 Aceptar OK 

BP1 COL-bfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 760 51 LE32 94,9 125,9 75,4 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 760 51 LE32 102,8 135,9 75,6 Aceptar OK 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 105 DE 288 

 

 

BP1 COL-w 1 E70xx ◢3/8"◣ ◢1/2"◣ 683 49 LE32 82,5 109,7 75,2 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 683 49 LE38 77,4 103,1 75,1 Aceptar OK 

BP1 COL-w 2 E70xx ◢3/8"◣ ◢1/2"◣ 683 49 LE32 83,4 111,0 75,2 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 684 49 LE32 81,2 108,1 75,1 Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE37 203,0 287,6 70,6 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE33 194,2 291,9 66,5 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE37 122,3 309,9 39,5 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE31 121,1 280,4 43,2 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE37 45,9 230,1 19,9 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE36 83,5 231,1 36,1 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 25,8 33,6 76,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 26,5 34,4 77,0 Aceptar OK 

COL-

bfl 1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 27,6 32,8 84,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 26,7 32,0 83,4 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE33 26,3 35,0 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE33 26,6 35,2 75,6 Aceptar OK 

COL-

bfl 1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 25,5 32,5 78,4 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 25,4 32,4 78,4 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 28,1 34,3 82,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 28,5 34,4 82,9 Aceptar OK 

COL-

tfl 1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 26,8 32,3 82,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 27,5 33,0 83,3 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 29,7 34,1 86,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 30,1 34,4 87,3 Aceptar OK 

COL-

tfl 1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 30,1 33,6 89,7 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 29,0 32,8 88,5 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 27,0 34,4 78,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 27,2 34,6 78,7 Aceptar OK 

COL-

w 1 
RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 27,3 33,0 82,8 Aceptar OK 
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  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 26,9 32,7 82,0 Aceptar OK 

BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE34 23,3 31,1 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE33 23,4 31,1 75,0 Aceptar OK 

COL-

w 1 
RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE33 24,2 32,2 75,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE33 24,1 32,0 75,1 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 23,1 33,2 69,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE33 25,0 33,4 75,0 Aceptar OK 

COL-

w 2 
RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 24,7 32,2 76,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE33 23,4 30,9 75,7 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 25,3 33,6 75,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE33 19,8 34,2 58,0 Aceptar OK 

COL-

w 2 
RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 23,8 31,2 76,4 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE32 24,4 32,0 76,4 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para COL-tfl 1 / RIB2b 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
33,6  kN ≥  30,1  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
53,7° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 
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Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE33 708833 2250487 6,4 23,4 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
27,2  MPa ≥  6,4  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
708833 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2250487 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE36 1644,3 17243,2 2078,8 79,1 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 
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17243,2  kN ≥  1644,3  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2078,8  kN ≥  1644,3  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
15,6 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

Listado de material 
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Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1261,0-1261,0 

(A709 Gr.50) 

 

1 

Doble tendón de 

soldadura: a = 5/16" 

Doble tendón de 

soldadura: a = 3/8" 

Doble tendón de 

soldadura: a = 3/4" 

1522,0 

1369,6 

1223,8 

1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-250,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
840,0   

RIB2 
P1 1/2"x250,0-250,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
840,0   

RIB3 
P1 1/2"x250,0-250,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
840,0   

RIB4 
P1 1/2"x250,0-250,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
840,0   

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 5/16" 1/2" 1522,0 

Doble tendón de soldadura E70xx 3/8" 1/2" 1369,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 3360,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 16 
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Dibujo 

BP1 

P2"x1261-1261 (A709 Gr.50) 

 

 

RIB1 

P1 1/2"x250-250 (A709 Gr.50) 

 

RIB2 

P1 1/2"x250-250 (A709 Gr.50) 
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RIB3 

P1 1/2"x250-250 (A709 Gr.50) 

 

RIB4 

P1 1/2"x250-250 (A709 Gr.50) 
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Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.7. ANCLAJE COLUMNA 7 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P7 

Diseño 

Nombre P7 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nombr

e 

Sección 

transvers

al 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotació

n 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerza

s en 

COL 
2 - 

General 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - General 
A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, 

A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - General 
A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, 

A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -1964,9 322,0 -159,3 0,0 510,2 -1533,3 

LE22 COL -1296,0 -208,6 -261,1 0,0 970,0 948,7 

LE23 COL -695,9 -126,3 244,5 0,0 -885,4 790,4 

LE24 COL -1443,2 -281,8 80,4 0,0 -233,4 1550,7 

LE25 COL -1536,6 253,5 72,8 0,0 -215,2 -1653,1 

LE26 COL -1941,1 334,3 -158,8 0,0 513,4 -1451,4 

LE27 COL -1457,1 -312,8 31,6 0,0 -76,0 1461,6 

LE28 COL -692,1 -122,1 244,7 0,0 -884,4 792,5 

LE29 COL -1299,7 -212,8 -261,3 0,0 968,9 946,6 

LE30 COL -1525,7 275,1 -9,8 0,0 38,2 -1377,5 

LE32 COL -921,0 -2,8 1354,5 0,0 4946,1 994,4 

LE33 COL -874,8 -304,6 -1383,9 0,0 -4823,9 580,7 

LE34 COL -1413,4 -242,5 -10,1 0,0 46,0 1268,8 

LE35 COL -1384,4 -142,7 -591,0 0,0 -1884,2 -1474,5 

LE36 COL -1225,4 595,3 563,3 0,0 1989,7 -881,0 

LE37 COL -1412,0 -600,5 -752,4 0,0 -2297,0 901,9 

LE38 COL -620,1 60,4 1431,0 0,0 4630,1 740,2 

LE39 COL -1175,7 -367,7 -1460,4 0,0 -4507,9 834,9 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 2800 x 1962 mm 

Profundidad 1000 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 800 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,3 < 5,0% OK 
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Anclajes 95,5 < 100% OK 

Soldaduras 64,1 < 100% OK 

Bloque de hormigón 20,5 < 100% OK 

Cortante 54,0 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-bfl 1 344,7 1 1/2" LE32 286,2 0,1 0,0 OK 

COL-bfl 2 344,7 1 1/2" LE33 262,5 0,1 0,0 OK 

COL-bfl 3 344,7 1 1/2" LE32 274,9 0,0 0,0 OK 

COL-bfl 4 344,7 1 1/2" LE32 310,9 0,3 0,0 OK 

COL-bfl 5 344,7 1 1/2" LE33 310,8 0,3 0,0 OK 

COL-bfl 6 344,7 1 1/2" LE33 310,8 0,3 0,0 OK 

COL-bfl 7 344,7 1 1/2" LE33 309,3 0,1 0,0 OK 

COL-bfl 8 344,7 1 1/2" LE32 269,4 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE39 151,0 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE39 199,5 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE39 140,9 0,0 0,0 OK 

BP2 344,7 2" LE32 310,5 0,1 0,0 OK 

 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE32  
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Verificación de deformación, LE32  

 

 
Tensión equivalente, LE32  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE32 354,7 0,1 2189,5 65,0 0,0 48,8 Aceptar OK 

A2 LE32 521,1 0,2 2189,5 95,5 0,1 92,6 Aceptar OK 

A3 LE32 500,5 0,3 2189,5 91,7 0,1 86,6 Aceptar OK 

A4 LE32 477,8 0,2 2189,5 87,6 0,1 80,1 Aceptar OK 

A5 LE33 517,7 0,3 2189,5 94,9 0,1 91,6 Aceptar OK 

A6 LE33 498,3 0,3 2189,5 91,3 0,1 86,0 Aceptar OK 

A7 LE33 393,5 0,3 2189,5 72,1 0,1 58,0 Aceptar OK 

A8 LE32 329,4 0,1 2189,5 60,4 0,0 43,1 Aceptar OK 

A9 LE33 287,6 0,2 2189,5 52,7 0,1 34,4 Aceptar OK 

A10 LE38 466,2 0,2 2189,5 85,4 0,1 76,9 Aceptar OK 

A11 LE33 500,5 0,2 2189,5 91,7 0,1 86,6 Aceptar OK 

 

Datos de diseño 
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Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

 

Resultado detallado para A2 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  521,1  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,2  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 
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, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
2189,5  kN ≥  0,9  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,93  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 2729,2 kN en tracción y 1,0 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP2 COL-bfl 1 E70xx - - 274 - - - - - Aceptar OK 

BP2 COL-bfl 2 E70xx - - 274 - - - - - Aceptar OK 

BP2 COL-bfl 3 E70xx - - 611 - - - - - Aceptar OK 

BP2 COL-bfl 4 E70xx - - 917 - - - - - Aceptar OK 

BP2 COL-bfl 5 E70xx - - 1835 - - - - - Aceptar OK 

BP2 COL-bfl 6 E70xx - - 917 - - - - - Aceptar OK 

BP2 COL-bfl 7 E70xx - - 611 - - - - - Aceptar OK 
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BP2 COL-bfl 8 E70xx - - 611 - - - - - Aceptar OK 

BP2 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE38 124,3 285,9 43,5 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE39 102,3 282,9 36,2 Aceptar OK 

BP2 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE38 142,5 264,8 53,8 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE39 181,4 282,9 64,1 Aceptar OK 

BP2 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE39 69,8 291,9 23,9 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE38 57,3 306,0 18,7 Aceptar OK 

 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

 

Resultado detallado para BP2 / Elemento 2-bfl 1 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
282,9  kN ≥  181,4  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
54,8° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 

 

Bloque de hormigón 
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Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE32 665338 2074380 5,5 20,5 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
26,9  MPa ≥  5,5  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
665338 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2074380 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP2 LE39 1504,7 15011,6 2785,2 54,0 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP2 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 
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15011,6  kN ≥  1504,7  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
11,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2785,2  kN ≥  1504,7  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
14,1 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 
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Listado de material 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP2 
P2"x2200,0-1362,0 

(A709 Gr.50) 

 

1 
Bisel: a = 1 1/2" 

Doble tendón de 

soldadura: a = 3/4" 

6050,8 

1223,8 
1 1/2 

A490 
11 

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Bisel E70xx - - 6050,8 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 851 800 11 

Dibujo 

BP2 

P2"x1362-2200 (A709 Gr.50) 

 

Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  
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Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.8. ANCLAJE COLUMNA 8 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P8 

Diseño 

Nombre P8 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 

 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 129 DE 288 

 

 

Elementos estructurales 

Nombr

e 

Sección 

transvers

al 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotació

n 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerza

s en 

COL 
2 - 

General 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - General 
A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, 

A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - General 
A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, 

A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, 

A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -2016,2 8,6 290,5 0,0 -867,9 -149,9 

LE22 COL -780,6 -61,2 -289,2 0,0 864,0 245,2 

LE23 COL -1359,5 -109,9 371,0 0,0 -1270,6 609,9 

LE24 COL -1004,7 -234,1 -11,8 0,0 -249,1 1214,5 

LE25 COL -976,9 250,1 -42,5 0,0 -170,1 -1225,7 

LE26 COL -973,7 253,2 -49,9 0,0 -155,5 -1217,1 

LE27 COL -992,0 -239,0 -18,9 0,0 -236,3 1202,5 

LE28 COL -1353,1 -112,2 371,2 0,0 -1270,3 620,4 

LE29 COL -787,0 -58,9 -289,4 0,0 863,8 234,8 

LE30 COL -2403,1 -499,1 -587,7 0,0 -2177,9 -2010,6 

LE31 COL 480,3 517,2 807,0 0,0 2319,4 1912,0 

LE32 COL -170,9 371,9 1414,9 0,0 4296,3 1781,7 

LE33 COL -1749,8 -515,3 -1357,3 0,0 -4623,9 -1072,2 

LE34 COL -76,0 476,3 857,3 0,0 2112,6 2158,8 

LE35 COL -2221,3 -464,6 -573,5 0,0 -2232,0 -2144,9 

LE36 COL -70,2 676,1 675,0 0,0 1682,4 1114,4 

LE37 COL -2216,9 -697,6 -740,0 0,0 -2697,7 -1082,5 

LE38 COL -649,2 344,6 1497,1 0,0 3954,4 1952,9 

LE39 COL -1271,4 -488,0 -1439,4 0,0 -4282,0 -1243,5 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 2800 x 2236 mm 

Profundidad 1000 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 800 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,2 < 5,0% OK 
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Anclajes 99,1 < 100% OK 

Soldaduras 89,3 < 100% OK 

Bloque de hormigón 18,1 < 100% OK 

Cortante 48,1 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-bfl 1 344,7 1 1/2" LE32 155,5 0,0 0,0 OK 

COL-bfl 2 344,7 1 1/2" LE31 122,8 0,0 0,0 OK 

COL-bfl 3 344,7 1 1/2" LE39 149,3 0,0 0,0 OK 

COL-bfl 4 344,7 1 1/2" LE39 97,4 0,0 0,0 OK 

COL-bfl 5 344,7 1 1/2" LE32 159,1 0,0 0,0 OK 

COL-bfl 6 344,7 1 1/2" LE39 139,4 0,0 0,0 OK 

COL-bfl 7 344,7 1 1/2" LE32 159,2 0,0 0,0 OK 

COL-bfl 8 344,7 1 1/2" LE33 144,1 0,0 0,0 OK 

COL-bfl 9 344,7 1 1/2" LE32 138,5 0,0 0,0 OK 

COL-bfl 10 344,7 1 1/2" LE32 136,0 0,0 0,0 OK 

COL-bfl 11 344,7 1 1/2" LE32 150,6 0,0 0,0 OK 

COL-bfl 12 344,7 1 1/2" LE32 170,8 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE39 213,6 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE39 212,5 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE38 146,6 0,0 0,0 OK 

BP1 344,7 2" LE32 310,7 0,2 0,0 OK 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE32  
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Verificación de deformación, LE32  

 

 
Tensión equivalente, LE32  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE32 540,8 0,4 2235,9 99,1 0,2 98,5 Aceptar OK 

A2 LE39 514,6 0,3 2235,9 94,3 0,2 90,7 Aceptar OK 

A3 LE32 453,2 0,4 2235,9 83,0 0,2 73,4 Aceptar OK 

A4 LE39 419,8 0,3 2235,9 76,9 0,2 64,6 Aceptar OK 

A5 LE32 512,8 0,4 2235,9 94,0 0,2 90,2 Aceptar OK 

A6 LE33 304,1 0,2 2235,9 55,7 0,1 37,7 Aceptar OK 

A7 LE39 332,4 0,3 2235,9 60,9 0,2 43,8 Aceptar OK 

A8 LE32 361,4 0,4 2235,9 66,2 0,2 50,3 Aceptar OK 

A9 LE32 181,4 0,4 2235,9 33,2 0,2 16,0 Aceptar OK 

A10 LE32 505,4 0,4 2235,9 92,6 0,2 88,0 Aceptar OK 

A11 LE39 460,8 0,3 2235,9 84,4 0,2 75,4 Aceptar OK 

A12 LE32 519,7 0,4 2235,9 95,2 0,2 92,2 Aceptar OK 

Datos de diseño 
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Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A1 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  540,8  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,4  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 

 
, donde: 
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896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
2235,9  kN ≥  4,8  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,99  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 3171,7 kN en tracción y 4,8 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-bfl 1 E70xx ◢11/16" ◢1" 618 51 LE32 244,4 284,3 86,0 Aceptar OK 

BP1 COL-bfl 2 E70xx ◢11/16" ◢1" 618 51 LE32 226,5 284,9 79,5 Aceptar OK 

BP1 COL-bfl 3 E70xx ◢11/16" ◢1" 618 51 LE39 222,4 279,9 79,5 Aceptar OK 

BP1 COL-bfl 4 E70xx ◢11/16" ◢1" 618 51 LE35 212,8 280,6 75,8 Aceptar OK 

BP1 COL-bfl 5 E70xx ◢11/16" ◢1" 577 48 LE32 223,3 274,7 81,3 Aceptar OK 

BP1 COL-bfl 6 E70xx ◢11/16" ◢1" 577 48 LE39 211,6 275,0 76,9 Aceptar OK 

BP1 COL-bfl 7 E70xx ◢11/16" ◢1" 608 51 LE32 255,5 286,2 89,3 Aceptar OK 

BP1 COL-bfl 8 E70xx ◢11/16" ◢1" 608 51 LE32 238,1 284,8 83,6 Aceptar OK 
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BP1 COL-bfl 9 E70xx ◢11/16" ◢1" 608 51 LE39 235,9 285,3 82,7 Aceptar OK 

BP1 COL-bfl 10 E70xx ◢11/16" ◢1" 608 51 LE33 223,5 282,9 79,0 Aceptar OK 

BP1 COL-bfl 11 E70xx ◢11/16" ◢1" 611 51 LE32 228,2 289,6 78,8 Aceptar OK 

BP1 COL-bfl 12 E70xx ◢11/16" ◢1" 611 51 LE32 233,7 283,5 82,4 Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE38 212,6 281,7 75,5 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE38 194,5 259,4 75,0 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE39 170,6 258,6 66,0 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE39 213,5 283,4 75,3 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE38 61,4 321,3 19,1 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE39 60,6 317,5 19,1 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para BP1 / COL-bfl 7 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
286,2  kN ≥  255,5  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
74,0° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 
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Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE33 864482 2457831 4,6 18,1 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
25,7  MPa ≥  4,6  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
864482 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2457831 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE38 1534,3 15308,6 3188,5 48,1 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 
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15308,6  kN ≥  1534,3  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
12,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
3188,5  kN ≥  1534,3  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
12,8 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 
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Listado de material 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x2200,0-1636,0 

(A709 Gr.50) 

 

1 

tendón de soldadura 

simple: a = 11/16" 

tendón de soldadura 

simple: a = 11/16" 

Doble tendón de 

soldadura: a = 3/4" 

3643,1 

3643,1 

1223,8 

1 1/2 

A490 
12 

 

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

tendón de soldadura simple E70xx 11/16" 1" 3643,1 

tendón de soldadura simple E70xx 11/16" 1" 3643,1 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 851 800 12 
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Dibujo 

BP1 

P2"x1636-2200 (A709 Gr.50) 

 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 142 DE 288 

 

 

Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.9. ANCLAJE COLUMNA 9 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P9 

Diseño 

Nombre P9 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl1509x(554/

554) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl1509x(554/554) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl1509x(554/554) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -1815,2 -49,8 183,5 3,0 -260,9 -27,9 

LE22 COL -806,3 26,1 -255,6 5,4 620,3 36,6 

LE23 COL -1165,1 -48,2 210,2 2,0 -390,6 -34,6 

LE24 COL -1072,7 120,7 -187,5 -10,1 299,0 965,4 

LE25 COL -898,6 -142,7 142,1 17,4 -69,3 -963,4 

LE26 COL -658,4 186,6 -197,7 -5,7 399,0 294,0 

LE27 COL -1312,9 -208,7 152,3 13,1 -169,4 -292,0 

LE28 COL -1116,6 -52,4 210,8 1,7 -385,6 -41,6 

LE29 COL -854,8 30,4 -256,2 5,6 615,2 43,6 

LE30 COL -2383,6 -628,1 -675,5 -123,3 -764,5 -989,4 

LE31 COL 648,6 613,1 621,1 129,8 985,8 996,7 

LE32 COL 151,4 611,0 601,9 130,8 1076,1 1000,9 

LE33 COL -1886,3 -626,0 -656,2 -124,3 -854,9 -993,7 

LE34 COL -429,9 1064,4 271,6 299,8 567,4 1880,3 

LE35 COL -1305,1 -1079,4 -325,9 -293,3 -346,2 -1873,0 

LE36 COL -159,5 1100,2 282,0 302,6 524,0 1501,4 

LE37 COL -1575,4 -1115,2 -336,4 -296,1 -302,8 -1494,1 

LE38 COL 455,6 609,0 642,9 139,6 935,2 986,4 

LE39 COL -2190,6 -624,0 -697,3 -133,1 -714,0 -979,1 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1654 x 2609 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 
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Anclajes 91,9 < 100% OK 

Soldaduras 77,3 < 100% OK 

Bloque de hormigón 15,3 < 100% OK 

Cortante 59,2 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE34 155,6 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE34 151,5 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE35 180,2 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE34 196,6 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE34 228,9 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE35 268,8 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE37 179,8 0,0 0,0 OK 

BP1 344,7 2" LE35 290,7 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE35 226,9 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE34 232,1 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE35 185,4 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE34 261,6 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE35 255,1 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE35 253,4 0,0 0,0 OK 

RIB3c 344,7 1 1/2" LE34 184,8 0,0 0,0 OK 

RIB3d 344,7 1 1/2" LE34 204,2 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE34 226,1 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE34 271,1 0,0 0,0 OK 

RIB4c 344,7 1 1/2" LE35 157,7 0,0 0,0 OK 

RIB4d 344,7 1 1/2" LE35 180,5 0,0 0,0 OK 

 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE34  
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Verificación de deformación, LE34  

 

 
Tensión equivalente, LE34  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE35 269,9 0,4 1606,0 49,5 0,4 30,9 Aceptar OK 

A2 LE34 381,6 0,3 1606,0 69,9 0,5 55,1 Aceptar OK 

A3 LE35 326,6 1,4 1606,0 59,9 0,5 42,5 Aceptar OK 

A4 LE34 332,9 1,4 1606,0 61,0 0,5 43,9 Aceptar OK 

A5 LE31 271,7 0,1 1606,0 49,8 0,3 31,3 Aceptar OK 

A6 LE35 183,1 1,3 1606,0 33,6 0,4 16,2 Aceptar OK 

A7 LE35 442,8 0,4 1606,0 81,1 0,4 70,6 Aceptar OK 

A8 LE34 501,7 0,4 1606,0 91,9 0,5 86,9 Aceptar OK 

A9 LE35 495,8 1,0 1606,0 90,9 0,4 85,2 Aceptar OK 

A10 LE34 498,9 1,0 1606,0 91,4 0,5 86,1 Aceptar OK 

A11 LE35 350,5 0,7 1606,0 64,2 0,4 47,8 Aceptar OK 

A12 LE34 437,0 0,7 1606,0 80,1 0,5 69,1 Aceptar OK 

Datos de diseño 
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Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A8 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  501,7  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,4  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 

 
, donde: 
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896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1606,0  kN ≥  7,5  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,87  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 2565,8 kN en tracción y 7,5 kN a cortante 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 
E70x

x 
◢11/16"◣ ◢1"◣ 553 50 LE35 71,0 266,2 26,7 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 553 50 LE34 68,1 205,3 33,2 Aceptar OK 

BP1 
COL-bfl 

1 
E70x

x 
◢11/16"◣ ◢1"◣ 553 50 LE35 56,3 206,2 27,3 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 553 50 LE34 78,7 257,4 30,6 Aceptar OK 

BP1 COL-w 1 E70x ◢11/16"◣ ◢1"◣ 1430 49 LE34 95,1 206,0 46,1 Aceptar OK 
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x 

  
E70x

x 
◢11/16"◣ ◢1"◣ 1430 49 LE35 83,8 283,9 29,5 Aceptar OK 

BP1 COL-w 2 
E70x

x 
◢11/16"◣ ◢1"◣ 1430 49 LE35 54,6 202,2 27,0 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 1430 49 LE35 93,4 205,9 45,4 Aceptar OK 

BP1 
Element

o 2-tfl 1 
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE34 205,5 266,7 77,1 Aceptar OK 

  
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE34 216,7 280,6 77,3 Aceptar OK 

BP1 
Element

o 2-bfl 1 
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE35 104,4 243,7 42,8 Aceptar OK 

  
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE35 151,2 284,6 53,1 Aceptar OK 

BP1 
Element

o 2-w 1 
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE35 58,6 254,1 23,0 Aceptar OK 

  
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE34 40,4 272,6 14,8 Aceptar OK 

BP1 RIB1a 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 13,4 89,9 14,9 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 42,7 73,2 58,3 Aceptar OK 

COL

-bfl 1 
RIB1a 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 50,3 78,8 63,9 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 32,6 83,3 39,1 Aceptar OK 

BP1 RIB1b 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 44,6 73,0 61,0 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 12,0 66,4 18,1 Aceptar OK 

COL

-bfl 1 
RIB1b 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 32,4 83,6 38,8 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 51,3 78,7 65,2 Aceptar OK 

BP1 RIB2a 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 35,8 71,7 49,9 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 17,5 66,6 26,3 Aceptar OK 

COL

-tfl 1 
RIB2a 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 26,4 81,9 32,3 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 41,0 77,6 52,9 Aceptar OK 
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BP1 RIB2b 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 15,9 92,4 17,2 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 49,8 72,2 69,0 Aceptar OK 

COL

-tfl 1 
RIB2b 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 58,5 78,0 75,0 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 41,2 81,7 50,5 Aceptar OK 

BP1 RIB3a 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 36,2 77,8 46,6 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE36 33,0 79,4 41,6 Aceptar OK 

COL

-w 1 
RIB3a 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 59,6 79,3 75,1 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 60,3 81,5 74,0 Aceptar OK 

BP1 RIB3b 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 37,3 79,0 47,2 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 29,7 80,1 37,1 Aceptar OK 

COL

-w 1 
RIB3b 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 56,7 81,7 69,4 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 59,5 79,2 75,1 Aceptar OK 

BP1 RIB3c 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 19,5 91,6 21,3 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 27,8 75,7 36,7 Aceptar OK 

COL

-w 1 
RIB3c 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 42,0 76,7 54,8 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 31,6 80,4 39,3 Aceptar OK 

BP1 RIB3d 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 24,9 76,9 32,4 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 13,9 84,1 16,5 Aceptar OK 

COL

-w 1 
RIB3d 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 38,2 81,3 47,0 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 47,1 78,1 60,3 Aceptar OK 

BP1 RIB4a 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 31,3 78,4 39,9 Aceptar OK 

  E70x ◢11/16"◣ ◢1"◣ 209 16 LE34 24,3 81,1 30,0 Aceptar OK 
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x 

COL

-w 2 
RIB4a 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 49,0 81,5 60,2 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 53,9 80,1 67,3 Aceptar OK 

BP1 RIB4b 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE34 30,6 81,4 37,5 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 35,9 79,2 45,4 Aceptar OK 

COL

-w 2 
RIB4b 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 61,0 81,1 75,3 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE34 61,3 81,7 75,1 Aceptar OK 

BP1 RIB4c 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 21,2 76,7 27,7 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 13,6 92,0 14,8 Aceptar OK 

COL

-w 2 
RIB4c 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 28,4 80,7 35,3 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 36,4 76,8 47,4 Aceptar OK 

BP1 RIB4d 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 15,4 79,8 19,3 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE35 19,8 79,3 25,0 Aceptar OK 

COL

-w 2 
RIB4d 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 41,9 78,0 53,7 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE35 34,1 81,3 41,9 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para BP1 / Elemento 2-tfl 1 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
280,6  kN ≥  216,7  kN 

Donde: 
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 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
53,1° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 

 

Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE35 851139 2685490 4,1 15,3 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
27,1  MPa ≥  4,1  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
851139 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2685490 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 
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Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE37 1158,7 16442,1 1957,3 59,2 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 

 
16442,1  kN ≥  1158,7  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
12,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
1957,3  kN ≥  1158,7  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 
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, donde: 

 
16,9 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

 

Pandeo 

El análisis de pandeo no se ha calculado. 

Listado de material 
Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1054,0-2009,0 

(A709 Gr.50) 

 

1 

Doble tendón de 

soldadura: a = 11/16" 

Doble tendón de 

soldadura: a = 3/4" 

3973,6 

1223,8 
1 1/2 

A490 
12 

RIB1 
P1 1/2"x250,0-200,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 11/16" 
740,0   

RIB2 
P1 1/2"x250,0-200,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 11/16" 
740,0   

RIB3 
P1 1/2"x250,0-200,0 

(A709 Gr.50) 

 

4 
Doble tendón de 

soldadura: a = 11/16" 
1480,0   
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RIB4 
P1 1/2"x250,0-200,0 

(A709 Gr.50) 

 

4 
Doble tendón de 

soldadura: a = 11/16" 
1480,0   

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 11/16" 1" 4713,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 11/16" 1" 3700,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 12 

Dibujo 

BP1 

P2"x2009-1054 (A709 Gr.50) 

 

RIB1 

P1 1/2"x200-250 (A709 Gr.50) 
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RIB2 

P1 1/2"x200-250 (A709 Gr.50) 

 

RIB3 

P1 1/2"x200-250 (A709 Gr.50) 
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RIB4 

P1 1/2"x200-250 (A709 Gr.50) 
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Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.10. ANCLAJE COLUMNA 10 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P10 

Diseño 

Nombre P10 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl1509x(554/

554) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl1509x(554/554) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl1509x(554/554) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -1860,0 -43,0 -143,5 0,5 200,0 -51,9 

LE3 COL -1089,1 -30,8 -137,5 -7,7 331,4 -14,4 

LE4 COL -961,5 25,4 177,9 8,4 -552,8 27,1 

LE5 COL -1136,5 27,8 146,3 -9,2 -227,6 890,1 

LE6 COL -914,0 -33,2 -105,9 9,9 6,2 -877,4 

LE7 COL -687,5 142,9 159,3 -3,7 -336,5 148,9 

LE8 COL -1363,1 -148,3 -119,0 4,5 115,1 -136,2 

LE9 COL -851,8 37,1 211,4 7,3 -548,6 61,1 

LE10 COL -1198,7 -42,5 -171,1 -6,6 327,2 -48,4 

LE11 COL -2757,6 -375,4 -838,8 -209,8 -1156,6 -684,0 

LE12 COL 969,8 373,9 885,4 210,2 957,6 704,1 

LE13 COL 778,2 375,1 868,7 210,6 1003,1 694,7 

LE14 COL -2566,1 -376,6 -822,1 -210,3 -1202,1 -674,6 

LE15 COL -72,1 594,2 577,0 307,3 545,2 1345,3 

LE16 COL -1715,7 -595,7 -530,4 -307,0 -744,2 -1325,2 

LE17 COL 221,3 633,5 568,9 306,8 581,5 952,4 

LE18 COL -2009,1 -635,0 -522,3 -306,5 -780,5 -932,3 

LE19 COL 462,5 374,0 903,6 211,3 870,8 709,5 

LE20 COL -2250,3 -375,5 -857,0 -211,0 -1069,9 -689,5 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1654 x 2609 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 
Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 
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Anclajes 77,8 < 100% OK 

Soldaduras 76,3 < 100% OK 

Bloque de hormigón 12,3 < 100% OK 

Cortante 50,8 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE11 129,9 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE15 108,7 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE16 147,6 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE15 139,6 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE15 199,4 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE15 276,4 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE17 167,0 0,0 0,0 OK 

BP1 344,7 2" LE15 255,1 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE16 150,0 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE15 164,5 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE15 90,9 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE12 189,8 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE15 207,3 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE15 201,5 0,0 0,0 OK 

RIB3c 344,7 1 1/2" LE15 132,4 0,0 0,0 OK 

RIB3d 344,7 1 1/2" LE15 147,3 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE15 138,1 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE15 213,5 0,0 0,0 OK 

RIB4c 344,7 1 1/2" LE16 83,5 0,0 0,0 OK 

RIB4d 344,7 1 1/2" LE16 109,2 0,0 0,0 OK 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE11  

 

 
Verificación de deformación, LE11  
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Tensión equivalente, LE11   

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE16 119,2 0,6 1606,0 21,8 0,3 7,9 Aceptar OK 

A2 LE15 268,1 0,4 1606,0 49,1 0,3 30,6 Aceptar OK 

A3 LE16 215,9 1,2 1606,0 39,6 0,4 21,3 Aceptar OK 

A4 LE15 233,3 1,2 1606,0 42,8 0,4 24,3 Aceptar OK 

A5 LE12 282,4 0,3 1606,0 51,7 0,2 33,4 Aceptar OK 

A6 LE16 128,4 1,1 1606,0 23,5 0,4 9,0 Aceptar OK 

A7 LE16 219,1 0,4 1606,0 40,1 0,3 21,9 Aceptar OK 

A8 LE15 424,5 0,2 1606,0 77,8 0,3 65,8 Aceptar OK 

A9 LE16 317,3 0,8 1606,0 58,1 0,3 40,5 Aceptar OK 

A10 LE15 372,1 0,8 1606,0 68,2 0,3 52,8 Aceptar OK 

A11 LE16 203,6 0,5 1606,0 37,3 0,3 19,3 Aceptar OK 

A12 LE15 303,8 0,4 1606,0 55,7 0,3 37,7 Aceptar OK 

 

Datos de diseño 
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Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A8 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  424,5  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,2  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 

 
, donde: 
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896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1606,0  kN ≥  5,0  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,66  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 1901,2 kN en tracción y 5,0 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 
E70x

x 
◢11/16"◣ ◢1"◣ 553 50 LE16 61,9 276,3 22,4 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 553 50 LE15 52,7 204,2 25,8 Aceptar OK 

BP1 
COL-bfl 

1 
E70x

x 
◢11/16"◣ ◢1"◣ 553 50 LE16 37,3 209,9 17,8 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 553 50 LE15 53,9 256,8 21,0 Aceptar OK 
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BP1 COL-w 1 
E70x

x 
◢11/16"◣ ◢1"◣ 1430 49 LE15 70,1 207,3 33,8 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 1430 49 LE16 87,6 283,7 30,9 Aceptar OK 

BP1 COL-w 2 
E70x

x 
◢11/16"◣ ◢1"◣ 1430 49 LE15 56,3 280,8 20,0 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 1430 49 LE16 60,3 205,6 29,3 Aceptar OK 

BP1 
Element

o 2-tfl 1 
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE15 202,5 265,5 76,3 Aceptar OK 

  
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE16 217,9 287,4 75,8 Aceptar OK 

BP1 
Element

o 2-bfl 1 
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE17 127,6 309,9 41,2 Aceptar OK 

  
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE11 99,2 279,3 35,5 Aceptar OK 

BP1 
Element

o 2-w 1 
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE19 57,8 229,3 25,2 Aceptar OK 

  
E70x

x 
◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE19 26,0 232,8 11,2 Aceptar OK 

BP1 RIB1a 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 7,0 66,4 10,6 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE16 28,1 73,2 38,3 Aceptar OK 

COL

-bfl 1 
RIB1a 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE16 33,4 78,9 42,3 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE16 22,1 83,0 26,6 Aceptar OK 

BP1 RIB1b 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 31,0 73,1 42,4 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE16 8,7 67,1 13,0 Aceptar OK 

COL

-bfl 1 
RIB1b 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 22,8 83,9 27,2 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 36,4 78,6 46,4 Aceptar OK 

BP1 RIB2a 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE16 17,0 70,6 24,0 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE12 16,7 70,2 23,8 Aceptar OK 

COL

-tfl 1 
RIB2a 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE12 13,7 82,1 16,7 Aceptar OK 
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E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE5 20,1 76,6 26,3 Aceptar OK 

BP1 RIB2b 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE16 11,3 65,5 17,3 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 34,1 72,4 47,2 Aceptar OK 

COL

-tfl 1 
RIB2b 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE12 43,4 78,0 55,7 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE12 31,1 81,9 38,0 Aceptar OK 

BP1 RIB3a 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 24,2 79,7 30,4 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 28,1 79,1 35,6 Aceptar OK 

COL

-w 1 
RIB3a 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 48,8 79,5 61,4 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE16 45,2 80,8 55,9 Aceptar OK 

BP1 RIB3b 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 28,4 78,2 36,4 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 20,4 83,5 24,4 Aceptar OK 

COL

-w 1 
RIB3b 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 38,5 82,6 46,6 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 46,8 79,3 59,0 Aceptar OK 

BP1 RIB3c 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE12 12,8 76,6 16,7 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 18,2 77,6 23,5 Aceptar OK 

COL

-w 1 
RIB3c 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 30,5 76,1 40,1 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 23,6 79,8 29,6 Aceptar OK 

BP1 RIB3d 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 16,5 77,9 21,2 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 11,0 82,5 13,4 Aceptar OK 

COL

-w 1 
RIB3d 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 28,2 81,5 34,6 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 34,3 78,2 43,9 Aceptar OK 

BP1 RIB4a E70x ◢11/16"◣ ◢1"◣ 209 16 LE15 18,0 79,5 22,7 Aceptar OK 
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x 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 15,4 81,1 19,0 Aceptar OK 

COL

-w 2 
RIB4a 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 30,3 81,4 37,2 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 33,0 80,1 41,2 Aceptar OK 

BP1 RIB4b 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 21,3 81,4 26,2 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE15 25,0 80,5 31,1 Aceptar OK 

COL

-w 2 
RIB4b 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 50,5 79,9 63,2 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 46,3 81,2 57,0 Aceptar OK 

BP1 RIB4c 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE16 12,6 74,9 16,8 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE16 8,0 89,8 9,0 Aceptar OK 

COL

-w 2 
RIB4c 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE15 14,9 79,2 18,8 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE16 19,3 76,4 25,2 Aceptar OK 

BP1 RIB4d 
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE16 10,4 78,0 13,3 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 209 16 LE16 11,2 81,2 13,7 Aceptar OK 

COL

-w 2 
RIB4d 

E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE16 25,4 78,2 32,5 Aceptar OK 

  
E70x

x 
◢11/16"◣ ◢1"◣ 159 16 LE16 21,0 81,3 25,8 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para BP1 / Elemento 2-tfl 1 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 
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265,5  kN ≥  202,5  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
43,4° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 

 

Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE16 912256 2740876 3,2 12,3 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
26,4  MPa ≥  3,2  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
912256 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2740876 mm2 – Superfície de apoyo del hormigón 
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 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE19 975,1 13929,4 1919,9 50,8 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 

 
13929,4  kN ≥  975,1  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
12,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
1919,9  kN ≥  975,1  kN 

Donde: 
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 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
22,3 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 
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Listado de material 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1054,0-2009,0 

(A709 Gr.50) 

 

1 

Doble tendón de 

soldadura: a = 11/16" 

Doble tendón de 

soldadura: a = 3/4" 

3973,6 

1223,8 
1 1/2 

A490 
12 

RIB1 
P1 1/2"x250,0-200,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 11/16" 
740,0   

RIB2 
P1 1/2"x250,0-200,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 11/16" 
740,0   

RIB3 
P1 1/2"x250,0-200,0 

(A709 Gr.50) 

 

4 
Doble tendón de 

soldadura: a = 11/16" 
1480,0   

RIB4 
P1 1/2"x250,0-200,0 

(A709 Gr.50) 

 

4 
Doble tendón de 

soldadura: a = 11/16" 
1480,0   
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Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 11/16" 1" 4713,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 11/16" 1" 3700,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 12 

Dibujo 

BP1 

P2"x2009-1054 (A709 Gr.50) 
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RIB1 

P1 1/2"x200-250 (A709 Gr.50) 

 

RIB2 

P1 1/2"x200-250 (A709 Gr.50) 

 

RIB3 

P1 1/2"x200-250 (A709 Gr.50) 
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RIB4 

P1 1/2"x200-250 (A709 Gr.50) 

 

Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 0,30 - AISC 360-16 J3.8 
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deslizamiento 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.11. ANCLAJE COLUMNA 11 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto CON1 

Diseño 

Nombre CON1 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nombr

e 

Sección 

transvers

al 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotació

n 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerza

s en 

COL 
2 - 

General 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - General 
A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, 

A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50 

3 - Iw500x400 A709 Gr.50 

 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 185 DE 288 

 

 

Secciones 

Nombre Material Dibujo 

2 - General 
A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, 

A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50, 

A709 Gr.50, A709 Gr.50, A709 Gr.50, A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -1912,7 -35,0 71,1 0,0 -16,2 112,9 

LE3 COL -1228,7 61,1 -274,9 0,0 1026,9 -466,0 

LE4 COL -841,6 -61,2 200,7 0,0 -627,5 216,6 

LE5 COL -1017,0 -232,8 -35,0 0,0 468,4 1211,3 

LE6 COL -1049,2 239,6 -43,2 0,0 509,3 -1229,2 

LE7 COL -942,0 245,6 -18,6 0,0 384,8 -1217,2 

LE8 COL -896,6 -234,0 -5,8 0,0 326,1 1177,0 

LE9 COL -849,4 -68,8 202,7 0,0 -626,4 240,4 

LE10 COL -1183,8 -65,1 -279,5 0,0 1017,3 455,9 

LE11 COL -2044,3 -432,0 -1176,2 0,0 -3295,8 -1990,3 

LE12 COL 174,2 459,7 1067,4 0,0 3454,6 1922,4 

LE13 COL -659,0 431,5 1679,3 0,0 5694,0 1145,9 

LE14 COL -1223,1 -325,7 -1737,6 0,0 -5367,1 -1694,7 

LE15 COL -540,2 339,4 1657,3 0,0 5547,8 2207,8 

LE16 COL -1881,1 -404,4 -1189,0 0,0 -3241,0 -2111,9 

LE17 COL -391,5 579,1 1082,3 0,0 3809,5 1221,3 

LE18 COL -1852,6 -597,3 -1129,2 0,0 -3116,9 -1248,4 

LE19 COL -217,2 389,3 1741,9 0,0 5384,9 1349,9 

LE20 COL -1665,0 -283,4 -1800,3 0,0 -5058,0 -1898,7 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 2538 x 3295 mm 

Profundidad 1000 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 800 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,1 < 5,0% OK 
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Anclajes 94,3 < 100% OK 

Soldaduras 87,1 < 100% OK 

Bloque de hormigón 15,1 < 100% OK 

Cortante 52,0 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-bfl 1 344,7 1 1/2" LE15 142,1 0,0 0,0 OK 

COL-bfl 2 344,7 1 1/2" LE15 122,8 0,0 0,0 OK 

COL-bfl 3 344,7 1 1/2" LE14 136,5 0,0 0,0 OK 

COL-bfl 4 344,7 1 1/2" LE14 103,0 0,0 0,0 OK 

COL-bfl 5 344,7 1 1/2" LE15 152,0 0,0 0,0 OK 

COL-bfl 6 344,7 1 1/2" LE14 131,1 0,0 0,0 OK 

COL-bfl 7 344,7 1 1/2" LE15 170,5 0,0 0,0 OK 

COL-bfl 8 344,7 1 1/2" LE15 155,1 0,0 0,0 OK 

COL-bfl 9 344,7 1 1/2" LE14 152,9 0,0 0,0 OK 

COL-bfl 10 344,7 1 1/2" LE13 148,9 0,0 0,0 OK 

COL-bfl 11 344,7 1 1/2" LE14 163,3 0,0 0,0 OK 

COL-bfl 12 344,7 1 1/2" LE15 182,5 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE13 214,8 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE19 212,5 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE20 175,4 0,0 0,0 OK 

BP1 344,7 2" LE15 310,5 0,1 0,0 OK 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE15   
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Verificación de deformación, LE15  

 

 
Tensión equivalente, LE15  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A5 LE15 190,8 0,3 2369,7 35,0 0,2 17,4 Aceptar OK 

A6 LE15 311,7 0,3 2369,7 57,1 0,2 39,3 Aceptar OK 

A7 LE14 200,0 0,3 2369,2 36,6 0,2 18,8 Aceptar OK 

A8 LE14 136,5 0,3 2369,2 25,0 0,2 9,9 Aceptar OK 

A9 LE14 161,2 0,3 2369,2 29,5 0,2 13,1 Aceptar OK 

A10 LE14 423,7 0,3 2369,2 77,6 0,2 65,6 Aceptar OK 

A11 LE14 282,6 0,3 2369,2 51,8 0,2 33,4 Aceptar OK 

A12 LE15 425,9 0,4 2369,2 78,0 0,2 66,2 Aceptar OK 

A13 LE15 506,3 0,3 2369,2 92,8 0,2 88,3 Aceptar OK 

A14 LE15 282,6 0,3 2369,2 51,8 0,2 33,4 Aceptar OK 

A15 LE15 514,2 0,3 2369,7 94,2 0,2 90,6 Aceptar OK 

A16 LE14 502,1 0,3 2369,2 92,0 0,2 87,1 Aceptar OK 

A17 LE15 498,0 0,3 2369,2 91,3 0,2 85,9 Aceptar OK 

A18 LE15 514,8 0,3 2369,2 94,3 0,2 90,8 Aceptar OK 
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A19 LE14 502,2 0,3 2369,2 92,0 0,2 87,1 Aceptar OK 

A20 LE14 375,1 0,3 2369,2 68,7 0,2 53,5 Aceptar OK 

Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A18 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  514,8  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,3  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 
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, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
2369,2  kN ≥  5,2  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 0,91  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 3368,0 kN en tracción y 5,2 kN a cortante 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-bfl 1 E70xx ◢11/16" ◢1" 768 51 LE15 236,0 283,7 83,2 Aceptar OK 

BP1 COL-bfl 2 E70xx ◢11/16" ◢1" 768 51 LE15 222,5 283,6 78,4 Aceptar OK 

BP1 COL-bfl 3 E70xx ◢11/16" ◢1" 768 51 LE14 220,2 280,1 78,6 Aceptar OK 

BP1 COL-bfl 4 E70xx ◢11/16" ◢1" 768 51 LE14 214,7 282,1 76,1 Aceptar OK 

BP1 COL-bfl 5 E70xx ◢11/16" ◢1" 551 50 LE15 226,8 286,0 79,3 Aceptar OK 

BP1 COL-bfl 6 E70xx ◢11/16" ◢1" 551 50 LE14 218,6 286,1 76,4 Aceptar OK 

BP1 COL-bfl 7 E70xx ◢11/16" ◢1" 832 49 LE15 242,8 278,6 87,1 Aceptar OK 
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BP1 COL-bfl 8 E70xx ◢11/16" ◢1" 832 49 LE15 226,2 278,5 81,2 Aceptar OK 

BP1 COL-bfl 9 E70xx ◢11/16" ◢1" 832 49 LE14 228,3 278,5 81,9 Aceptar OK 

BP1 COL-bfl 10 E70xx ◢11/16" ◢1" 832 49 LE14 217,8 277,3 78,5 Aceptar OK 

BP1 COL-bfl 11 E70xx ◢11/16" ◢1" 551 50 LE14 216,3 278,8 77,6 Aceptar OK 

BP1 COL-bfl 12 E70xx ◢11/16" ◢1" 551 50 LE15 226,7 280,6 80,8 Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE20 212,7 282,4 75,3 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE20 183,5 259,3 70,8 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE19 183,5 258,0 71,1 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE19 213,9 283,8 75,4 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE20 71,2 324,7 21,9 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE19 70,2 322,4 21,8 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para BP1 / COL-bfl 7 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
278,6  kN ≥  242,8  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
77,3° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 
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Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE15 983884 2995912 4,0 15,1 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
26,6  MPa ≥  4,0  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
983884 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2995912 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE20 1818,2 19946,7 3496,7 52,0 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 
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19946,7  kN ≥  1818,2  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
3496,7  kN ≥  1818,2  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
8,9 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

 

Pandeo 
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El análisis de pandeo no se ha calculado. 

Listado de material 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1938,0-2694,5 

(A709 Gr.50) 

 

1 

tendón de soldadura 

simple: a = 11/16" 

tendón de soldadura 

simple: a = 11/16" 

Doble tendón de 

soldadura: a = 3/4" 

4307,5 

4307,5 

1223,8 

1 1/2 

A490 
16 

 

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

tendón de soldadura simple E70xx 11/16" 1" 4307,5 

tendón de soldadura simple E70xx 11/16" 1" 4307,5 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 851 800 16 
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Dibujo 

BP1 

P2"x2695-1938 (A709 Gr.50) 
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Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.12. ANCLAJE COLUMNA 12 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P12 

Diseño 

Nombre P12 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl761x(761/

761) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl761x(761/761) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl761x(761/761) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -2239,2 6,4 56,4 0,0 -141,7 25,3 

LE60 COL -1301,7 15,6 -139,8 0,0 520,0 -25,2 

LE61 COL -1536,2 106,4 135,3 0,0 -482,1 -384,4 

LE62 COL -1308,0 -190,9 109,8 0,0 -379,8 775,2 

LE63 COL -1340,9 205,8 112,3 0,0 -392,5 -810,3 

LE64 COL -1228,0 211,5 85,6 0,0 -288,6 -801,5 

LE65 COL -1184,6 -193,9 79,4 0,0 -264,0 755,8 

LE66 COL -1544,4 81,5 141,4 0,0 -470,9 -237,4 

LE67 COL -1067,7 -18,1 -144,7 0,0 498,9 -62,0 

LE68 COL -2489,7 -593,7 -674,8 0,0 -1509,4 -1355,5 

LE69 COL 145,1 645,4 675,3 0,0 1529,8 1122,0 

LE70 COL -509,6 433,2 986,8 0,0 2413,3 911,2 

LE71 COL -1835,0 -381,5 -986,3 0,0 -2392,9 -1144,7 

LE72 COL -470,7 556,2 640,1 0,0 1374,3 1430,4 

LE73 COL -2258,2 -565,3 -651,2 0,0 -1607,2 -1455,7 

LE74 COL -466,8 672,5 691,0 0,0 1473,3 1004,7 

LE75 COL -2203,3 -666,4 -609,0 0,0 -1475,5 -981,0 

LE76 COL -636,4 467,3 1040,4 0,0 2201,1 765,9 

LE77 COL -1708,2 -415,6 -1039,9 0,0 -2180,7 -999,4 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1861 x 1861 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 
Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,1 < 5,0% OK 
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Anclajes 88,3 < 100% OK 

Soldaduras 89,1 < 100% OK 

Bloque de hormigón 22,0 < 100% OK 

Cortante 55,0 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE71 245,4 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE70 225,7 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE71 247,1 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE70 224,2 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE77 164,0 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE69 167,6 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE76 120,4 0,0 0,0 OK 

BP1 344,7 2" LE70 310,4 0,1 0,0 OK 

RIB1a 344,7 1 1/2" LE70 250,7 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE71 121,7 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE70 171,0 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE71 259,4 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE70 240,1 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE72 133,8 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE70 110,3 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE72 212,2 0,0 0,0 OK 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE71  
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Verificación de deformación, LE71  

 

 
Tensión equivalente, LE71  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE70 246,2 0,2 1595,1 45,1 0,2 26,5 Aceptar OK 

A2 LE70 408,8 0,2 1595,1 74,9 0,2 61,8 Aceptar OK 

A3 LE71 373,6 0,2 1595,1 68,5 0,2 53,2 Aceptar OK 

A4 LE71 150,3 0,1 1595,1 27,5 0,2 11,7 Aceptar OK 

A5 LE70 242,5 0,2 1595,1 44,4 0,2 25,9 Aceptar OK 

A6 LE71 193,3 0,2 1595,1 35,4 0,2 17,7 Aceptar OK 

A7 LE70 366,8 0,2 1595,1 67,2 0,2 51,6 Aceptar OK 

A8 LE70 481,7 0,2 1595,1 88,3 0,2 81,2 Aceptar OK 

A9 LE71 414,3 0,2 1595,1 75,9 0,2 63,2 Aceptar OK 

A10 LE71 259,7 0,1 1595,1 47,6 0,2 29,0 Aceptar OK 

A11 LE70 434,1 0,2 1595,1 79,5 0,2 68,3 Aceptar OK 

A12 LE72 197,3 0,3 1595,1 36,1 0,3 18,3 Aceptar OK 

A13 LE72 154,3 0,3 1595,1 28,3 0,3 12,2 Aceptar OK 

A14 LE70 166,0 0,2 1595,1 30,4 0,2 13,8 Aceptar OK 
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A15 LE71 382,8 0,2 1595,1 70,1 0,2 55,4 Aceptar OK 

A16 LE71 113,5 0,2 1595,1 20,8 0,2 7,3 Aceptar OK 

 

Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A8 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  481,7  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,2  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 206 DE 288 

 

 

 – resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1595,1  kN ≥  3,5  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,81  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 2558,7 kN en tracción y 3,5 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 760 51 LE71 107,0 138,2 77,4 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 760 51 LE71 98,9 129,7 76,3 Aceptar OK 

BP1 COL-bfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 760 51 LE70 97,1 128,3 75,7 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 760 51 LE76 102,9 136,1 75,6 Aceptar OK 
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BP1 COL-w 1 E70xx ◢3/8"◣ ◢1/2"◣ 684 49 LE71 108,3 144,1 75,2 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 684 49 LE71 110,0 146,2 75,3 Aceptar OK 

BP1 COL-w 2 E70xx ◢3/8"◣ ◢1/2"◣ 683 49 LE77 79,7 106,1 75,1 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 683 49 LE77 82,1 109,3 75,0 Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE77 148,0 284,9 51,9 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE77 95,6 248,1 38,5 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE77 99,9 249,8 40,0 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE76 147,9 286,9 51,5 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE70 57,0 323,4 17,6 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE71 51,5 320,3 16,1 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 26,9 34,0 79,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 27,8 34,8 80,0 Aceptar OK 

COL-

bfl 1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 28,5 32,9 86,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 27,4 31,8 85,9 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 16,1 34,2 47,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE77 23,5 31,2 75,2 Aceptar OK 

COL-

bfl 1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 24,5 32,5 75,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 24,4 32,4 75,4 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 26,0 34,6 75,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 26,9 35,4 76,0 Aceptar OK 

COL-

tfl 1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 24,7 32,8 75,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 25,3 32,5 78,0 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 28,6 33,9 84,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 29,4 34,5 85,1 Aceptar OK 

COL-

tfl 1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 29,3 32,9 89,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 28,0 31,8 87,9 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 27,1 34,3 79,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 27,5 34,6 79,4 Aceptar OK 

COL-

w 1 
RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 26,9 32,1 83,9 Aceptar OK 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 208 DE 288 

 

 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 26,9 32,2 83,4 Aceptar OK 

BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE72 24,9 33,2 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 15,1 27,5 54,7 Aceptar OK 

COL-

w 1 
RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE72 20,4 32,9 61,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE72 23,1 32,9 70,3 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE73 20,1 29,3 68,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 22,0 30,5 72,2 Aceptar OK 

COL-

w 2 
RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 21,4 29,3 72,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE70 19,8 29,3 67,6 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 26,3 34,6 76,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE71 26,6 35,0 76,1 Aceptar OK 

COL-

w 2 
RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE72 26,1 32,3 81,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 16 LE72 25,9 32,1 80,5 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para COL-tfl 1 / RIB2b 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
32,9  kN ≥  29,3  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
50,0° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 
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Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE71 651726 2033329 5,9 22,0 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
26,9  MPa ≥  5,9  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
651726 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2033329 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE76 1139,7 19190,6 2073,6 55,0 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 
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19190,6  kN ≥  1139,7  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2073,6  kN ≥  1139,7  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
24,1 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

 

Listado de material 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 211 DE 288 

 

 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1261,0-1261,0 

(A709 Gr.50) 

 

1 

Doble tendón de 

soldadura: a = 5/16" 

Doble tendón de 

soldadura: a = 3/8" 

Doble tendón de 

soldadura: a = 3/4" 

1522,0 

1369,6 

1223,8 

1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-250,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
840,0   

RIB2 
P1 1/2"x250,0-250,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
840,0   

RIB3 
P1 1/2"x250,0-250,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
840,0   

RIB4 
P1 1/2"x250,0-250,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
840,0   

 

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 5/16" 1/2" 1522,0 

Doble tendón de soldadura E70xx 3/8" 1/2" 1369,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 3360,0 

 

Anclajes 
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Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 16 
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Dibujo 

BP1 

P2"x1261-1261 (A709 Gr.50) 
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RIB1 

P1 1/2"x250-250 (A709 Gr.50) 

 

RIB2 

P1 1/2"x250-250 (A709 Gr.50) 
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RIB3 

P1 1/2"x250-250 (A709 Gr.50) 

 

RIB4 

P1 1/2"x250-250 (A709 Gr.50) 

 
 

Configuración de la norma 
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Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.13. ANCLAJE COLUMNA 13 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P13 

Diseño 

Nombre P13 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl855x(808/

808) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl855x(808/808) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl855x(808/808) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -2226,2 21,2 -25,7 0,0 72,1 -15,0 

LE3 COL -1293,7 59,7 -93,9 0,0 394,5 -229,3 

LE4 COL -1213,6 -11,5 129,7 0,0 -508,7 18,5 

LE5 COL -1276,8 -160,9 -72,0 0,0 302,3 650,8 

LE6 COL -1187,9 188,3 -54,7 0,0 231,3 -681,5 

LE7 COL -1173,8 190,3 -49,1 0,0 217,2 -678,9 

LE8 COL -1141,2 -171,7 -42,3 0,0 196,4 641,2 

LE9 COL -1205,0 -6,7 130,6 0,0 -502,6 11,3 

LE10 COL -990,6 112,0 -96,3 0,0 388,9 -552,1 

LE11 COL -2805,5 -692,3 -532,0 0,0 -1133,3 -1251,2 

LE12 COL 501,9 730,4 558,7 0,0 1042,0 1077,9 

LE13 COL -129,0 525,1 817,0 0,0 1717,5 801,7 

LE14 COL -2174,5 -487,0 -790,4 0,0 -1808,7 -975,0 

LE15 COL -152,2 689,3 520,5 0,0 1076,0 1441,3 

LE16 COL -2572,5 -666,5 -550,2 0,0 -1049,8 -1338,1 

LE17 COL -112,0 755,5 548,1 0,0 1088,9 971,8 

LE18 COL -2484,5 -782,2 -519,6 0,0 -1056,9 -1073,5 

LE19 COL -521,7 505,0 870,3 0,0 1501,8 891,2 

LE20 COL -1781,8 -466,9 -843,7 0,0 -1593,0 -1064,6 
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Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1908 x 1955 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 
Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 

Anclajes 66,7 < 100% OK 

Soldaduras 76,6 < 100% OK 

Bloque de hormigón 14,5 < 100% OK 

Cortante 45,3 < 100% OK 

Pandeo No calculado  

 

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE14 183,2 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE13 159,0 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE14 182,1 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE15 153,6 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE18 166,8 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE12 175,0 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE19 91,9 0,0 0,0 OK 

BP1 344,7 2" LE13 310,3 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE15 152,7 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE15 75,6 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE13 87,5 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE15 154,6 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE14 143,2 0,0 0,0 OK 
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RIB3b 344,7 1 1/2" LE15 114,5 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE15 53,6 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE15 139,5 0,0 0,0 OK 

 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 

 
Verificación general, LE14  
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Verificación de deformación, LE14  
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Tensión equivalente, LE14  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE13 156,2 0,2 1697,1 28,6 0,2 12,4 Aceptar OK 

A2 LE15 363,9 0,3 1697,1 66,7 0,3 50,9 Aceptar OK 

A3 LE20 247,6 0,2 1697,1 45,4 0,2 26,8 Aceptar OK 

A4 LE15 160,0 0,3 1697,1 29,3 0,3 12,9 Aceptar OK 

A5 LE13 143,2 0,2 1697,1 26,2 0,2 10,8 Aceptar OK 

A6 LE14 88,0 0,1 1697,1 16,1 0,2 4,8 Aceptar OK 

A7 LE13 218,7 0,2 1697,1 40,1 0,2 21,8 Aceptar OK 

A8 LE13 334,0 0,2 1697,1 61,2 0,2 44,1 Aceptar OK 

A9 LE14 222,8 0,1 1697,1 40,8 0,2 22,5 Aceptar OK 

A10 LE14 105,6 0,1 1697,1 19,4 0,2 6,5 Aceptar OK 

A11 LE15 339,5 0,3 1697,1 62,2 0,3 45,3 Aceptar OK 

A12 LE15 211,8 0,3 1697,1 38,8 0,3 20,7 Aceptar OK 

A13 LE15 129,1 0,3 1697,1 23,7 0,3 9,1 Aceptar OK 

A14 LE13 85,9 0,2 1697,1 15,7 0,2 4,6 Aceptar OK 

A15 LE20 207,4 0,2 1697,1 38,0 0,2 19,9 Aceptar OK 

A16 LE20 57,6 0,2 1697,1 10,6 0,2 2,4 Aceptar OK 
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Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A2 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  363,9  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,3  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 226 DE 288 

 

 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1697,1  kN ≥  4,8  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 0,51  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 1780,2 kN en tracción y 4,8 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 807 50 LE14 83,4 132,9 62,8 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 807 50 LE14 79,8 130,6 61,1 Aceptar OK 

BP1 COL-bfl 1 E70xx ◢5/16"◣ ◢1/2"◣ 807 50 LE13 63,3 128,3 49,4 Aceptar OK 

  E70xx ◢5/16"◣ ◢1/2"◣ 807 50 LE13 68,7 132,3 52,0 Aceptar OK 

BP1 COL-w 1 E70xx ◢3/8"◣ ◢1/2"◣ 777 49 LE15 85,0 115,3 73,7 Aceptar OK 
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  E70xx ◢3/8"◣ ◢1/2"◣ 777 49 LE15 77,9 103,8 75,0 Aceptar OK 

BP1 COL-w 2 E70xx ◢3/8"◣ ◢1/2"◣ 777 49 LE20 65,1 101,5 64,1 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 777 49 LE20 60,0 110,3 54,3 Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE20 140,1 282,7 49,6 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE19 85,2 242,8 35,1 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE19 88,2 243,0 36,3 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE19 145,8 282,9 51,5 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE18 38,7 246,7 15,7 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE17 35,1 267,4 13,1 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 27,5 44,6 61,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 34,6 46,1 75,1 Aceptar OK 

COL-

bfl 1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 32,0 42,3 75,7 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 31,8 42,1 75,4 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 23,1 41,1 56,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE14 16,8 41,9 40,0 Aceptar OK 

COL-

bfl 1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE10 14,6 39,4 37,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE10 16,9 38,3 44,1 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 19,1 47,5 40,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 30,8 43,0 71,5 Aceptar OK 

COL-

tfl 1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 19,0 39,4 48,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 21,6 38,5 56,1 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 34,7 46,0 75,4 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 35,9 47,3 76,0 Aceptar OK 

COL-

tfl 1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 32,5 42,4 76,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 31,7 41,4 76,4 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 34,7 46,1 75,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 35,6 47,0 75,7 Aceptar OK 

COL-

w 1 
RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 31,8 42,0 75,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 31,9 42,1 75,8 Aceptar OK 
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BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 32,9 43,8 75,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 17,0 47,7 35,6 Aceptar OK 

COL-

w 1 
RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 18,1 41,8 43,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 19,8 42,8 46,3 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 15,8 42,4 37,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 16,8 41,3 40,6 Aceptar OK 

COL-

w 2 
RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 12,5 37,8 33,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 11,6 38,1 30,6 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 32,9 44,1 74,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 32,5 45,4 71,6 Aceptar OK 

COL-

w 2 
RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 32,0 42,3 75,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 32,1 42,5 75,5 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para COL-tfl 1 / RIB2b 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
42,4  kN ≥  32,5  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
39,3° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 
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Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE14 804057 2564725 3,9 14,5 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
27,2  MPa ≥  3,9  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
804057 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2564725 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE19 1004,0 19136,2 2214,0 45,3 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 
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19136,2  kN ≥  1004,0  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2214,0  kN ≥  1004,0  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
30,0 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

 

Listado de material 
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Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1308,0-1355,0 

(A709 Gr.50) 

 

1 

Doble tendón de 

soldadura: a = 5/16" 

Doble tendón de 

soldadura: a = 3/8" 

Doble tendón de 

soldadura: a = 3/4" 

1616,0 

1557,6 

1223,8 

1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB2 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB3 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB4 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

 

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Doble tendón de soldadura E70xx 5/16" 1/2" 1616,0 

Doble tendón de soldadura E70xx 3/8" 1/2" 1557,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 4160,0 

 

Anclajes 
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Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 16 
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Dibujo 

BP1 

P2"x1355-1308 (A709 Gr.50) 
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RIB1 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB2 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB3 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB4 

P1 1/2"x350-250 (A709 Gr.50) 

 
 

Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 
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Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.14. ANCLAJE COLUMNA 14 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P14 

Diseño 

Nombre P14 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl994x(994/

994) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl994x(994/994) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl994x(994/994) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -2326,8 -149,8 -3,8 28,3 159,6 -314,7 

LE3 COL -1501,8 -64,4 -67,9 16,3 341,0 -197,7 

LE4 COL -1240,2 144,0 49,4 -13,4 -220,7 83,5 

LE5 COL -1398,4 115,7 36,6 5,1 14,3 316,2 

LE6 COL -1510,6 -159,8 19,9 -0,3 76,6 -383,2 

LE7 COL -1229,9 290,2 14,6 -8,0 -110,0 185,0 

LE8 COL -1310,8 -267,5 25,9 0,0 -149,7 -139,6 

LE9 COL -1365,7 -31,5 87,7 16,4 -104,3 -210,5 

LE10 COL -1376,2 111,1 -106,3 -13,6 224,6 96,3 

LE11 COL -3245,7 -1030,1 -363,9 -162,9 -385,7 -1436,3 

LE12 COL 813,5 966,2 339,2 156,9 506,3 1531,4 

LE13 COL -361,4 710,9 516,8 109,0 875,4 1141,9 

LE14 COL -2070,8 -774,9 -541,4 -115,0 -754,8 -1046,8 

LE15 COL 111,6 972,9 329,7 151,9 551,3 1615,3 

LE16 COL -3020,6 -1013,3 -441,6 -126,9 -521,8 -1642,9 

LE17 COL 108,6 1107,2 428,5 136,3 601,9 1505,5 

LE18 COL -2978,6 -1071,9 -346,4 -158,3 -463,1 -1490,6 

LE19 COL 73,5 749,0 576,9 103,3 712,8 1014,9 

LE20 COL -2543,1 -690,0 -599,0 -95,6 -596,6 -1121,3 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 2094 x 2094 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 
Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 
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Anclajes 71,3 < 100% OK 

Soldaduras 76,1 < 100% OK 

Bloque de hormigón 12,9 < 100% OK 

Cortante 48,8 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE12 119,6 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE13 95,2 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE12 165,2 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE13 95,8 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE17 231,3 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE17 274,1 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE17 119,6 0,0 0,0 OK 

BP1 344,7 2" LE12 310,3 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE15 112,7 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE12 145,1 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE15 58,4 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE12 176,5 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE12 144,5 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE12 126,4 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE15 73,3 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE15 117,9 0,0 0,0 OK 

 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE12   
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Verificación de deformación, LE12  

 

 
Tensión equivalente, LE12  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE16 66,8 0,4 1932,2 12,2 0,3 3,0 Aceptar OK 

A2 LE12 389,0 0,3 1932,2 71,3 0,4 56,9 Aceptar OK 

A3 LE16 117,0 0,7 1932,2 21,4 0,3 7,7 Aceptar OK 

A4 LE12 304,3 0,8 1932,2 55,8 0,4 37,8 Aceptar OK 

A5 LE12 83,3 0,1 1932,2 15,3 0,4 4,4 Aceptar OK 

A6 LE12 37,5 0,8 1932,2 6,9 0,4 1,2 Aceptar OK 

A7 LE12 65,5 0,1 1932,2 12,0 0,4 2,9 Aceptar OK 

A8 LE12 250,5 0,1 1932,2 45,9 0,4 27,3 Aceptar OK 

A9 LE14 66,5 0,5 1932,2 12,2 0,2 3,0 Aceptar OK 

A10 LE12 167,2 0,8 1932,2 30,6 0,4 13,9 Aceptar OK 

A11 LE12 326,7 0,5 1932,2 59,9 0,4 42,5 Aceptar OK 

A12 LE12 286,7 0,6 1932,2 52,5 0,4 34,2 Aceptar OK 

A13 LE12 142,5 0,5 1932,2 26,1 0,4 10,7 Aceptar OK 

A14 LE16 52,1 0,4 1932,2 9,5 0,3 2,0 Aceptar OK 
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A15 LE16 92,5 0,5 1932,2 16,9 0,3 5,2 Aceptar OK 

A16 LE16 25,8 0,5 1932,2 4,7 0,3 0,6 Aceptar OK 

Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A2 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  389,0  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,3  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 
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, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1932,2  kN ≥  6,9  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 0,57  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 2057,5 kN en tracción y 6,9 kN a cortante 

 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx - - 994 - - - - - Aceptar OK 

BP1 COL-bfl 1 E70xx - - 994 - - - - - Aceptar OK 

BP1 COL-w 1 E70xx - - 918 - - - - - Aceptar OK 

BP1 COL-w 2 E70xx - - 918 - - - - - Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE18 189,0 281,7 67,1 Aceptar OK 
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  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE11 135,2 267,6 50,5 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE18 102,6 309,4 33,2 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE17 143,8 301,7 47,7 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE12 57,3 302,7 18,9 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE11 67,6 232,1 29,1 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 12,3 45,1 27,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 25,3 45,1 56,1 Aceptar OK 

COL-

bfl 1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 25,9 38,4 67,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 22,0 39,3 56,1 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 32,6 43,4 75,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 14,3 45,6 31,4 Aceptar OK 

COL-

bfl 1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 15,9 40,2 39,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 24,5 42,2 58,1 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 14,0 40,6 34,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 13,5 38,4 35,1 Aceptar OK 

COL-

tfl 1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 7,6 43,0 17,7 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 8,8 40,6 21,7 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 26,6 41,9 63,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 36,1 47,4 76,1 Aceptar OK 

COL-

tfl 1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 28,7 38,3 75,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 25,2 39,2 64,4 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 35,0 46,4 75,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 35,5 47,1 75,3 Aceptar OK 

COL-

w 1 
RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 27,6 39,3 70,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 28,5 39,2 72,6 Aceptar OK 

BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 35,0 46,7 75,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 29,7 44,8 66,3 Aceptar OK 

COL-

w 1 
RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 23,0 41,8 54,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 25,7 41,6 61,9 Aceptar OK 
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BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 19,8 44,6 44,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 15,2 46,1 32,9 Aceptar OK 

COL-

w 2 
RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 14,2 42,0 33,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 15,4 40,3 38,2 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 25,1 44,9 55,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 27,7 45,1 61,5 Aceptar OK 

COL-

w 2 
RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 26,7 41,9 63,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE13 24,3 39,3 62,0 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para BP1 / RIB2b 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
47,4  kN ≥  36,1  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
75,6° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 

 

Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE16 1073328 2882022 3,2 12,9 OK 

Explicación del símbolo 
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A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
25,0  MPa ≥  3,2  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
1073328 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
2882022 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE17 1180,2 17938,1 2420,0 48,8 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 

 
17938,1  kN ≥  1180,2  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 
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– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2420,0  kN ≥  1180,2  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
21,3 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 

 

Listado de material 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 
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BP1 
P2"x1494,0-1494,0 

(A709 Gr.50) 

 

1 
Bisel: a = 1 1/2" 

Doble tendón de 

soldadura: a = 3/4" 

3823,6 

1223,8 
1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB2 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB3 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB4 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Bisel E70xx - - 3823,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 4160,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 16 

Dibujo 

BP1 

P2"x1494-1494 (A709 Gr.50) 
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GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 252 DE 288 

 

 

RIB1 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB2 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB3 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB4 

P1 1/2"x350-250 (A709 Gr.50) 

 
 

Configuración de la norma 

Ítem Valor Unidad Referencia 
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Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.15. ANCLAJE COLUMNA 15 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P15 

Diseño 

Nombre P15 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazami

ento ex 

[mm] 

Desplazami

ento ey 

[mm] 

Desplazami

ento ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl1046x(1046/

1046) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl1046x(1046/1046) A709 Gr.50 

 

 

Secciones 

Nombre Material Dibujo 
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2 - 

BoxFl1046x(1046/1046) 
A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -3169,0 10,8 -34,0 0,0 16,2 -26,0 

LE3 COL -1568,1 9,5 -120,1 0,0 250,8 -11,2 

LE4 COL -2213,0 -3,7 143,5 0,0 -279,0 -21,6 

LE5 COL -1536,0 -62,0 55,0 0,0 -46,5 325,8 

LE6 COL -2245,1 67,8 -31,7 0,0 18,3 -358,7 

LE7 COL -2222,2 71,7 -33,0 0,0 15,3 -353,3 

LE8 COL -1558,9 -65,9 56,3 0,0 -43,5 320,4 

LE9 COL -2193,1 1,5 144,1 0,0 -274,7 -21,6 

LE10 COL -1588,0 4,3 -120,8 0,0 246,5 -11,2 

LE11 COL -2702,2 3,8 5,7 0,0 -12,6 -21,4 

LE13 COL -1254,3 234,5 485,4 0,0 574,1 572,3 

LE14 COL -2070,7 -229,9 -471,7 0,0 -596,8 -595,4 

LE15 COL -1205,1 306,0 372,2 0,0 342,0 939,3 

LE16 COL -2119,9 -301,4 -358,5 0,0 -364,7 -962,4 

LE17 COL -1780,7 359,4 374,7 0,0 337,6 712,4 

LE18 COL -1544,4 -354,7 -361,0 0,0 -360,2 -735,6 

LE19 COL -1811,9 235,9 537,3 0,0 388,0 571,2 

LE20 COL -1513,2 -231,3 -523,6 0,0 -410,7 -594,4 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 2146 x 2146 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Anclajes  

 
Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 

Anclajes 29,2 < 100% OK 

Soldaduras 44,5 < 100% OK 

Bloque de hormigón 6,6 < 100% OK 
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Pandeo No calculado  

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE14 67,1 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE19 63,9 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE16 64,1 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE15 59,6 0,0 0,0 OK 

BP1 344,7 2" LE15 71,9 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE15 61,4 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE16 37,5 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE15 32,0 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE16 65,1 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE16 68,5 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE16 42,4 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE15 35,1 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE15 67,7 0,0 0,0 OK 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE14  

 

 

 
Verificación de deformación, LE14  
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Tensión equivalente, LE14   

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE19 0,0 51,1 2007,5 0,0 29,2 12,9 Aceptar OK 

A2 LE19 12,6 47,8 2007,5 2,3 29,2 13,1 Aceptar OK 

A3 LE19 0,0 46,1 2007,5 0,0 29,2 12,9 Aceptar OK 

A4 LE19 0,0 47,7 2007,5 0,0 29,2 12,9 Aceptar OK 

A5 LE19 0,0 49,3 2007,5 0,0 29,2 12,9 Aceptar OK 

A6 LE19 3,5 49,0 2007,5 0,6 29,2 12,9 Aceptar OK 

A7 LE19 0,0 48,0 2007,5 0,0 29,2 12,9 Aceptar OK 

A8 LE19 0,0 48,1 2007,5 0,0 29,2 12,9 Aceptar OK 

A9 LE19 8,1 49,8 2007,5 1,5 29,2 13,0 Aceptar OK 

A10 LE19 0,0 49,7 2007,5 0,0 29,2 12,9 Aceptar OK 

A11 LE19 0,0 50,6 2007,5 0,0 29,2 12,9 Aceptar OK 

A12 LE19 0,0 49,8 2007,5 0,0 29,2 12,9 Aceptar OK 

Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 
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V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A1 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  0,0  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  51,1  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 
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Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
2007,5  kN ≥  586,8  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,13  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 24,2 kN en tracción y 586,8 kN a cortante 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx - - 1046 - - - - - Aceptar OK 

BP1 
COL-bfl 

1 
E70xx - - 1046 - - - - - Aceptar OK 

BP1 COL-w 1 E70xx - - 970 - - - - - Aceptar OK 

BP1 COL-w 2 E70xx - - 970 - - - - - Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 8,3 44,3 18,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 13,3 45,8 29,1 Aceptar OK 

COL-bfl 

1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 16,0 38,2 41,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 14,2 39,0 36,6 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 8,8 45,6 19,4 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE1 6,3 42,9 14,7 Aceptar OK 

COL-bfl 

1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE6 7,9 38,9 20,5 Aceptar OK 
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  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE6 8,8 38,1 23,1 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 7,5 43,5 17,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE4 6,1 43,8 14,0 Aceptar OK 

COL-tfl 1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE1 7,2 38,9 18,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE1 8,0 38,2 21,0 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 9,4 44,3 21,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 12,7 40,7 31,3 Aceptar OK 

COL-tfl 1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 17,0 38,1 44,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 15,2 38,9 39,2 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 11,8 44,9 26,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 13,6 44,6 30,4 Aceptar OK 

COL-w 1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 15,7 38,7 40,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 15,8 38,8 40,7 Aceptar OK 

BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 9,9 44,4 22,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 8,1 45,6 17,7 Aceptar OK 

COL-w 1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 9,4 39,2 23,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 9,3 39,1 23,9 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 9,3 44,5 20,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 7,5 46,2 16,2 Aceptar OK 

COL-w 2 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE1 7,2 38,6 18,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 8,0 41,4 19,4 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 12,0 44,8 26,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 13,6 44,8 30,4 Aceptar OK 

COL-w 2 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 15,2 38,9 39,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 15,3 39,0 39,2 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para COL-tfl 1 / RIB2b 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
38,1  kN ≥  17,0  kN 

Donde: 
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 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
23,2° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 

 

Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE1 2197443 4540123 1,4 6,6 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
21,9  MPa ≥  1,4  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
2197443 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
4540123 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Listado de material 
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Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1546,0-1546,0 

(A709 Gr.50) 

 

1 Bisel: a = 1 1/2" 4031,6 
1 1/2 

A490 
12 

RIB1 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB2 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB3 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB4 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Bisel E70xx - - 4031,6 

Doble tendón de soldadura E70xx 1/4" 3/8" 4160,0 

 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 12 
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Dibujo 

BP1 

P2"x1546-1546 (A709 Gr.50) 
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RIB1 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB2 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB3 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB4 

P1 1/2"x350-250 (A709 Gr.50) 
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Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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6.16. ANCLAJE COLUMNA 16 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto P16 

Diseño 

Nombre P16 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 

 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 272 DE 288 

 

 

Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl922x(922/

922) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl922x(922/922) A709 Gr.50 

3 - Iw500x400 A709 Gr.50 
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Secciones 

Nombre Material Dibujo 

2 - 

BoxFl922x(922/922) 
A709 Gr.50 

 

3 - Iw500x400 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 1/2 A490 1 1/2 A490 38 1034,2 1140 
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Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL -2393,6 -154,4 110,4 -44,3 -224,7 -149,8 

LE3 COL -1276,0 -126,7 -176,5 9,1 445,0 10,8 

LE4 COL -1624,6 24,8 211,5 -30,0 -504,3 190,5 

LE5 COL -1885,8 -20,2 149,5 -35,3 -234,9 273,9 

LE6 COL -1944,1 -6,6 127,9 -1,3 -195,7 -316,7 

LE7 COL -1424,6 305,3 -112,9 48,3 331,2 -159,8 

LE8 COL -1394,1 -284,8 -108,5 -36,5 309,8 170,3 

LE9 COL -1593,9 8,4 212,7 -45,7 -484,8 175,8 

LE10 COL -1306,7 -110,3 -177,8 24,8 425,5 25,6 

LE11 COL -3380,7 -1163,7 -502,6 -128,8 -1048,4 -552,7 

LE12 COL 760,0 1086,4 518,6 119,3 1020,5 727,6 

LE13 COL 78,7 731,4 572,2 73,4 1118,3 587,2 

LE14 COL -2699,4 -808,8 -556,2 -82,8 -1146,3 -412,3 

LE15 COL -108,3 1082,3 532,0 125,8 974,3 811,3 

LE16 COL -3316,9 -995,9 -391,7 -125,6 -649,4 -881,1 

LE17 COL 500,9 1127,7 540,8 130,6 915,7 735,8 

LE18 COL -3121,6 -1205,0 -524,8 -140,1 -943,6 -560,9 

LE19 COL -377,3 752,5 617,8 68,6 937,7 593,4 

LE20 COL -2243,4 -829,8 -601,8 -78,1 -965,7 -418,5 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 2022 x 2022 mm 

Profundidad 800 mm 

Anclaje 1 1/2 A490  

Longitud del anclaje 600 mm 

Transferencia de la fuerza cortante Viga a cortante  

Sección para la viga a cortante Iw500x400  

Longitud de la viga a cortante 250 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 0,0 < 5,0% OK 
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Anclajes 61,3 < 100% OK 

Soldaduras 75,4 < 100% OK 

Bloque de hormigón 9,9 < 100% OK 

Cortante 55,6 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 1 1/2" LE11 175,7 0,0 0,0 OK 

COL-bfl 1 344,7 1 1/2" LE15 133,5 0,0 0,0 OK 

COL-w 1 344,7 1 1/2" LE12 116,0 0,0 0,0 OK 

COL-w 2 344,7 1 1/2" LE11 150,5 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1 1/2" LE18 235,9 0,0 0,0 OK 

Elemento 2-bfl 1 344,7 1 1/2" LE17 270,1 0,0 0,0 OK 

Elemento 2-w 1 344,7 1 1/2" LE18 125,3 0,0 0,0 OK 

BP1 344,7 2" LE12 280,4 0,0 0,0 OK 

RIB1a 344,7 1 1/2" LE15 102,8 0,0 0,0 OK 

RIB1b 344,7 1 1/2" LE17 52,7 0,0 0,0 OK 

RIB2a 344,7 1 1/2" LE14 62,3 0,0 0,0 OK 

RIB2b 344,7 1 1/2" LE12 146,1 0,0 0,0 OK 

RIB3a 344,7 1 1/2" LE12 119,4 0,0 0,0 OK 

RIB3b 344,7 1 1/2" LE12 84,9 0,0 0,0 OK 

RIB4a 344,7 1 1/2" LE11 41,7 0,0 0,0 OK 

RIB4b 344,7 1 1/2" LE15 100,6 0,0 0,0 OK 

 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 

εlim Límite de la deformación plástica 
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Verificación general, LE11  

 

 
Verificación de deformación, LE11  
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Tensión equivalente, LE11   

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE13 98,9 0,2 1828,7 18,1 0,2 5,8 Aceptar OK 

A2 LE12 334,3 0,3 1828,7 61,3 0,3 44,2 Aceptar OK 

A3 LE20 54,2 0,4 1828,7 9,9 0,2 2,1 Aceptar OK 

A4 LE17 105,4 0,7 1828,7 19,3 0,3 6,5 Aceptar OK 

A5 LE12 108,1 0,1 1828,7 19,8 0,3 6,7 Aceptar OK 

A6 LE14 17,8 0,3 1828,7 3,3 0,2 0,3 Aceptar OK 

A7 LE12 153,7 0,1 1828,7 28,2 0,3 12,1 Aceptar OK 

A8 LE12 261,7 0,1 1828,7 48,0 0,3 29,4 Aceptar OK 

A9 LE14 43,6 0,4 1828,7 8,0 0,2 1,5 Aceptar OK 

A10 LE17 32,1 0,6 1828,7 5,9 0,3 0,9 Aceptar OK 

A11 LE12 262,6 0,4 1828,7 48,1 0,3 29,6 Aceptar OK 

A12 LE12 139,0 0,5 1828,7 25,5 0,3 10,2 Aceptar OK 

A13 LE12 87,3 0,4 1828,7 16,0 0,3 4,7 Aceptar OK 

A14 LE13 57,3 0,3 1828,7 10,5 0,2 2,3 Aceptar OK 

A15 LE20 32,2 0,3 1828,7 5,9 0,2 0,9 Aceptar OK 
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A16 LE12 10,8 0,4 1828,7 2,0 0,3 0,2 Aceptar OK 

Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 1/2 A490 - 1 545,7 304,0 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A2 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
545,7  kN ≥  334,3  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
304,0  kN ≥  0,3  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 
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, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
1828,7  kN ≥  5,6  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 0,44  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 1641,3 kN en tracción y 5,6 kN a cortante 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx - - 922 - - - - - Aceptar OK 

BP1 COL-bfl 1 E70xx - - 922 - - - - - Aceptar OK 

BP1 COL-w 1 E70xx - - 846 - - - - - Aceptar OK 

BP1 COL-w 2 E70xx - - 846 - - - - - Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE18 200,2 284,6 70,3 Aceptar OK 

  E70xx ◢3/4"◣ ◢1 400 50 LE17 146,7 298,5 49,2 Aceptar OK 
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1/16"◣ 

BP1 
Elemento 

2-bfl 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
400 50 LE18 88,8 309,4 28,7 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
400 50 LE17 140,1 303,3 46,2 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢3/4"◣ 

◢1 

1/16"◣ 
423 53 LE17 52,3 317,0 16,5 Aceptar OK 

  E70xx ◢3/4"◣ 
◢1 

1/16"◣ 
423 53 LE18 70,4 236,0 29,8 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 16,2 44,8 36,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 24,3 44,3 54,9 Aceptar OK 

COL-

bfl 1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 25,9 38,5 67,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 22,0 39,5 55,8 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE17 15,6 40,9 38,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE7 6,9 43,4 16,0 Aceptar OK 

COL-

bfl 1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE7 8,1 39,3 20,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 10,5 40,8 25,8 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 11,2 47,3 23,7 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 19,3 43,0 44,9 Aceptar OK 

COL-

tfl 1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE14 14,0 39,2 35,8 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 16,2 38,1 42,7 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 26,6 44,1 60,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 35,4 47,0 75,4 Aceptar OK 

COL-

tfl 1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 26,2 38,4 68,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 22,5 39,3 57,2 Aceptar OK 

BP1 RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 33,1 44,1 75,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 32,2 46,2 69,6 Aceptar OK 

COL-

w 1 
RIB3a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 23,2 42,0 55,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 22,3 38,9 57,4 Aceptar OK 

BP1 RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE12 25,2 42,0 60,0 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE16 11,4 45,8 24,9 Aceptar OK 

COL-

w 1 
RIB3b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE16 11,6 41,9 27,7 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE12 15,5 43,0 36,0 Aceptar OK 

BP1 RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE4 7,6 44,9 16,9 Aceptar OK 
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  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE13 11,3 39,3 28,8 Aceptar OK 

COL-

w 2 
RIB4a E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 10,9 37,4 29,1 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE11 11,1 37,2 29,7 Aceptar OK 

BP1 RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 21,8 43,7 49,9 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 209 21 LE15 20,6 45,7 45,2 Aceptar OK 

COL-

w 2 
RIB4b E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 21,8 39,3 55,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 309 22 LE15 22,7 39,2 58,0 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para BP1 / RIB2b 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
47,0  kN ≥  35,4  kN 

Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
71,9° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 

 

Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE11 1488989 3608985 2,3 9,9 OK 

Explicación del símbolo 

A1 Área cargada 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 6. ANCLAJES DE COLUMNAS A 
CIMENTACIÓN 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 282 DE 288 

 

 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
23,7  MPa ≥  2,3  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
1488989 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
3608985 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 

 

Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE18 1309,7 21623,1 2357,4 55,6 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 

 
21623,1  kN ≥  1309,7  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 – Área proyectada de la llave de cortante embebida en la dirección de la fuerza 
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excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
16,0 – número de anclajes en tracción 

 
906 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
2357,4  kN ≥  1309,7  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 
– factor modificador para llave de cortante cargada bajo un ángulo con el borde del 

hormgión 

 
, donde: 

 
23,5 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 
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Listado de material 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P2"x1422,0-1422,0 

(A709 Gr.50) 

 

1 
Bisel: a = 1 1/2" 

Doble tendón de 

soldadura: a = 3/4" 

3535,6 

1223,8 
1 1/2 

A490 
16 

RIB1 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB2 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB3 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

RIB4 
P1 1/2"x250,0-350,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
1040,0   

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

Bisel E70xx - - 3535,6 

Doble tendón de soldadura E70xx 3/4" 1 1/16" 1223,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 4160,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 1/2 A490 651 600 16 
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Dibujo 

BP1 

P2"x1422-1422 (A709 Gr.50) 
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RIB1 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB2 

P1 1/2"x350-250 (A709 Gr.50) 
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RIB3 

P1 1/2"x350-250 (A709 Gr.50) 

 

RIB4 

P1 1/2"x350-250 (A709 Gr.50) 

 

Configuración de la norma 

Ítem Valor Unidad Referencia 
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Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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DIRECCIÓN GENERAL DE OBRAS PARA EL TRANSPORTE 

 

 

 

CONTRATO NO: DGOT-IR-F-4-004-2020 

 

PROYECTO INTEGRAL DE LA CALZADA FLOTANTE LOS PINOS PARA 

LA CONEXIÓN PEATONAL DE MOLINO DEL REY, 1A. SECCIÓN – AV. 

COMPOSITORES 2A. SECC. DEL BOSQUE DE CHAPULTEPEC. 

 

TRAMO: 

AV. MOLINO DEL REY 1A. SECCIÓN -AV. COMPOSITORES 2A. SECC. DEL BOSQUE DE 

CHAPULTEPEC. 
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APÉNDICE: 

3. DISEÑO DE TABLERO DE ACERO 

A continuación, se incluyen los listados de comprobación de los elementos metálicos del tablero, para los 

modelos de cálculo del tramo 1 y tramo 2 de la calzada peatonal. 

3.1. CALZADA PEATONAL TRAMO 1 

 

------------------------------------------------------------------------------------------ 
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========================================================================================== 

 

 

       +============================================================+ 

       |  MIDAS(Modeling, Integrated Design & Analysis Software)    | 

       |  MIDAS/Civil - Design & checking system for windows        | 

       +============================================================+ 

       |  Steel Member Applicable Code Checking                     | 

       |  Based On  AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFD02,    | 

       |            AASHTO-LFD96, AASHTO-ASD96, AISC-LRFD2K,        | 

       |            AISC-LRFD93, AISC-ASD89, Eurocode3-2:05,        | 

       |            BS5950-90, IS:800-2007, IS:800-1984,            | 

       |            IRC:24-2010, CSA-S6-14                          | 

       |                                                            | 

       |                                                            | 

       |                                                            | 

       |                                                            | 

       |                                                            | 

       |                                                            | 

       |                                             (c)SINCE 1989  | 

       +============================================================+ 

       |  MIDAS Information Technology Co.,Ltd.         (MIDAS IT)  | 

       |  MIDAS IT Design Development Team                          | 
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       +============================================================+ 

       |            HomePage : www.MidasUser.com                    | 

       +============================================================+ 

       |  MIDAS/Civil  Version 8.8.5                                | 

       +============================================================+ 

 

 

    *. DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 

-------------------------------------------------------------------------------------- 

     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 

-------------------------------------------------------------------------------------- 

     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

                +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

                +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

                +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

                +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

                +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

                +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

                +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

                +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

                +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

                +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

                +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

                +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

                +    PL10i-int_( 4.300) 

     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

                +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

                +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

                +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

                +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

                +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

                +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

                +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

                +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 
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                +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
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                +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

                +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

                +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

                +    PL10i-int_( 4.300) 

     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

                +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

                +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

                +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

                +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

                +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

                +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

                +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

                +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

                +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

                +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

                +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

                +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

                +    PL10i-int_( 7.190) 

     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

                +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

                +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

                +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

                +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

                +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

                +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

                +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

                +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

                +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

                +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

                +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 
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                +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

                +    PL10i-int_( 7.190) 

    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

                +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

                +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

                +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

                +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

                +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

                +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

                +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

                +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

                +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

                +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

                +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

                +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

                +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

                +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
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                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

                +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

                +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

                +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

                +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

                +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

                +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

                +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

                +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

                +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

                +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

                +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

                +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

                +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

                +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

                +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
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                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

                +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_1.0X/0.3Y_ENV( 1.000) 

    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_1.0X/0.3Y_ENV( 1.000) 

    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_0.3X/1.0Y_ENV( 1.000) 

    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_0.3X/1.0Y_ENV( 1.000) 

    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

                +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
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                +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

                +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

                +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

                +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

                +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

                +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

                +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

                +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

                +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

                +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

                +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

                +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

                +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

                +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

                +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

                +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

                +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

                +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

                +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

                +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

                +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

                +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

                +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

                +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

                +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

-------------------------------------------------------------------------------------- 
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      *. PROJECT     :  

      *. MEMBER NO   =   1001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.44027e+001,  Lz   = 1.43564e+000,  Lb   = 1.43564e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1738.70      -372.69     -1219.98      -130.22      -148.77 

           ------------------------------------------------------------------------------- 

            TOTAL           -1738.70      -372.69     -1219.98      -130.22      -148.77 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1738.70 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       44.26 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.5850 

              Pey    =  (Area*Fy)/Lambda^2       =    91946.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.02 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0863 

              Pez    =  (Area*Fy)/Lambda^2       =  4219844.49 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1738.70           -1219.98            -148.77 

           ---------------------------------------------------------------- 

            TOTAL           -1738.70           -1219.98            -148.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1219.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -148.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    44.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 18 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =   91946.7727 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =     24.403 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.4068e+034 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =   91946.7727 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =           4.31 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       19342.73 kN. 

           -. phiPn =  phi*Pn  =      17408.46 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1738.70 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            17408.46 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1219.98 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                148.77 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.102  +  0.024 ] 

                      =  0.177  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        265.11 kN. 

                 Vuy               265.11 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        412.02 kN. 

                 Vuz               412.02 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 25 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.01847e+000,  Lz   = 3.01847e+000,  Lb   = 3.01847e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -530.15     -1335.89      -758.50      -433.88      -209.56 

           ------------------------------------------------------------------------------- 

            TOTAL            -530.15     -1335.89      -758.50      -433.88      -209.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      530.15 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.47 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0724 

              Pey    =  (Area*Fy)/Lambda^2       =  6009480.73 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1816 

              Pez    =  (Area*Fy)/Lambda^2       =   954588.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -530.15           -1335.89            -433.88 

           ---------------------------------------------------------------- 

            TOTAL            -530.15           -1335.89            -433.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1335.89 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -433.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  954588.3270 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.018 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1481e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  954588.3270 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          44.79 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21115.18 kN. 

           -. phiPn =  phi*Pn  =      19003.66 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                530.15 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19003.66 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11919.05 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11919.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1335.89 

           -. --------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiMny            11919.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                433.88 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMnz             6073.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.112  +  0.071 ] 

                      =  0.197  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        230.97 kN. 

                 Vuy               230.97 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        407.73 kN. 

                 Vuz               407.73 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59083e+000,  Lz   = 1.59083e+000,  Lb   = 1.59083e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -476.45     -1011.08     -1242.07      -206.83      -273.86 

           ------------------------------------------------------------------------------- 

            TOTAL            -476.45     -1011.08     -1242.07      -206.83      -273.86 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      476.45 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0381 

              Pey    =  (Area*Fy)/Lambda^2       = 21635277.57 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.24 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0957 

              Pez    =  (Area*Fy)/Lambda^2       =  3436700.16 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -476.45           -1242.07            -273.86 

           ---------------------------------------------------------------- 

            TOTAL            -476.45           -1242.07            -273.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1242.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -273.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3436700.1632 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.591 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2135e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3436700.1632 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         161.25 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.18 kN. 

           -. phiPn =  phi*Pn  =      19132.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                476.45 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19132.36 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.62 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1242.07 

           -. --------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiMny            11936.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                273.86 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.104  +  0.045 ] 

                      =  0.162  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        187.68 kN. 

                 Vuy               187.68 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        367.21 kN. 

                 Vuz               367.21 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.42971e+000,  Lz   = 1.42971e+000,  Lb   = 1.42971e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -438.16     -1272.29     -1547.57      -276.42      -283.49 

           ------------------------------------------------------------------------------- 

            TOTAL            -438.16     -1272.29     -1547.57      -276.42      -283.49 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      438.16 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26786354.20 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0860 

              Pez    =  (Area*Fy)/Lambda^2       =  4254933.52 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -438.16           -1547.57            -283.49 

           ---------------------------------------------------------------- 

            TOTAL            -438.16           -1547.57            -283.49 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1547.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -283.49 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 51 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4254933.5248 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.430 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7404e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4254933.5248 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         199.64 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.79 kN. 

           -. phiPn =  phi*Pn  =      19141.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                438.16 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19141.91 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.60 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 55 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1547.57 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny            11938.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                283.49 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.130  +  0.047 ] 

                      =  0.188  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         38.13 kN. 

                 Vuy                38.13 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        347.56 kN. 

                 Vuz               347.56 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 58 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.60029e+001,  Lz   = 1.46752e+000,  Lb   = 1.46752e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2828.36     -1716.71     -1704.67       -64.86       -41.37 

           ------------------------------------------------------------------------------- 

            TOTAL           -2828.36     -1716.71     -1704.67       -64.86       -41.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2828.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       29.10 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.3846 

              Pey    =  (Area*Fy)/Lambda^2       =   242619.38 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0888 

              Pez    =  (Area*Fy)/Lambda^2       =  4549630.68 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <3/4>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2828.36           -2369.56             -11.39 

           ---------------------------------------------------------------- 

            TOTAL           -2828.36           -2369.56             -11.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2369.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -11.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    29.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  242619.3786 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =     16.003 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2007e+035 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  242619.3786 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =           9.25 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       25077.38 kN. 

           -. phiPn =  phi*Pn  =      22569.64 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2828.36 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            22569.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2369.56 

           -. --------  =  ---------------  =  0.175  <  1.000  --->  O.K. 

               phiMny            13547.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.50 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 11.39 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiMnz             6844.50 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.063 + [  0.175  +  0.002 ] 

                      =  0.239  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =  3/4 ) 

           -. Applied shear force : Vuy =        440.68 kN. 

                 Vuy               440.68 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        674.74 kN. 

                 Vuz               674.74 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.12990e+000,  Lz   = 1.12990e+000,  Lb   = 1.12990e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 70 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3678.25     -1703.22     -1533.44      -167.84      -151.62 

           ------------------------------------------------------------------------------- 

            TOTAL           -3678.25     -1703.22     -1533.44      -167.84      -151.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3678.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.05 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0272 

              Pey    =  (Area*Fy)/Lambda^2       = 48667777.82 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.17 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0684 

              Pez    =  (Area*Fy)/Lambda^2       =  7674633.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3678.25           -1703.22            -167.84 

           ---------------------------------------------------------------- 

            TOTAL           -3678.25           -1703.22            -167.84 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 72 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1703.22 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -167.84 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7674633.2705 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.130 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.4145e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 76 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 7674633.2705 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         292.49 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26201.07 kN. 

           -. phiPn =  phi*Pn  =      23580.97 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3678.25 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            23580.97 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1703.22 

           -. --------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiMny            13551.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.98 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.98 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                167.84 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6844.98 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.078 + [  0.126  +  0.025 ] 

                      =  0.228  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         27.88 kN. 

                 Vuy                27.88 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        274.57 kN. 

                 Vuz               274.57 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.13104e+000,  Lz   = 1.13104e+000,  Lb   = 1.13104e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3139.68            2096.60             114.76 

           ---------------------------------------------------------------- 

            TOTAL            3139.68            2096.60             114.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2096.60 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      114.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3139.68 

           -. -------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2096.60 

           -. --------  =  ---------------  =  0.155  <  1.000  --->  O.K. 

               phiMny            13551.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.97 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.97 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.97 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                114.76 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6844.97 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.155  +  0.017 ] 

                      =  0.218  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        118.36 kN. 

                 Vuy               118.36 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        225.27 kN. 

                 Vuz               225.27 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.27215e+000,  Lz   = 1.27215e+000,  Lb   = 1.27215e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3144.86            2120.07              62.29 

           ---------------------------------------------------------------- 

            TOTAL            3144.86            2120.07              62.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2120.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       62.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3144.86 

           -. -------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13549.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13549.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2120.07 

           -. --------  =  ---------------  =  0.156  <  1.000  --->  O.K. 

               phiMny            13549.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.77 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.77 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.77 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 62.29 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6844.77 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.156  +  0.009 ] 

                      =  0.212  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        403.63 kN. 

                 Vuy               403.63 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        174.52 kN. 

                 Vuz               174.52 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            15784.06 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 94 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.27134e+000,  Lz   = 1.27134e+000,  Lb   = 1.27134e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3453.83            2126.71             109.55 

           ---------------------------------------------------------------- 

            TOTAL            3453.83            2126.71             109.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2126.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      109.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3453.83 

           -. -------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13549.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13549.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2126.71 

           -. --------  =  ---------------  =  0.157  <  1.000  --->  O.K. 

               phiMny            13549.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.77 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.77 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.77 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                109.55 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6844.77 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.157  +  0.016 ] 

                      =  0.224  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        392.31 kN. 

                 Vuy               392.31 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        200.14 kN. 

                 Vuz               200.14 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.13115e+000,  Lz   = 1.13115e+000,  Lb   = 1.13115e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3462.46            1983.35              47.80 

           ---------------------------------------------------------------- 

            TOTAL            3462.46            1983.35              47.80 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1983.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       47.80 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3462.46 

           -. -------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1983.35 

           -. --------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiMny            13551.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.97 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.97 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.97 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 47.80 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6844.97 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.146  +  0.007 ] 

                      =  0.204  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        112.48 kN. 

                 Vuy               112.48 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        251.94 kN. 

                 Vuz               251.94 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.13061e+000,  Lz   = 1.13061e+000,  Lb   = 1.13061e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3470.10            1791.33             105.38 

           ---------------------------------------------------------------- 

            TOTAL            3470.10            1791.33             105.38 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1791.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      105.38 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3470.10 

           -. -------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1791.33 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny            13551.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.97 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.97 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.97 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                105.38 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6844.97 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.132  +  0.015 ] 

                      =  0.198  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         19.58 kN. 

                 Vuy                19.58 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        302.76 kN. 

                 Vuz               302.76 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.13014e+000,  Lz   = 1.13014e+000,  Lb   = 1.13014e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3910.55     -1228.02     -1247.34      -155.39      -135.01 

           ------------------------------------------------------------------------------- 

            TOTAL           -3910.55     -1228.02     -1247.34      -155.39      -135.01 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3910.55 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.05 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0272 

              Pey    =  (Area*Fy)/Lambda^2       = 48647620.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.17 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0684 

              Pez    =  (Area*Fy)/Lambda^2       =  7671454.57 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3910.55           -1228.02            -155.39 

           ---------------------------------------------------------------- 

            TOTAL           -3910.55           -1228.02            -155.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1228.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -155.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7671454.5698 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.130 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.4126e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7671454.5698 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         292.37 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26201.06 kN. 

           -. phiPn =  phi*Pn  =      23580.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3910.55 

           -. -------  =  ---------------  =          0.17  <  1.000  --->  O.K. 

               phiPn            23580.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1228.02 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMny            13551.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.98 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.98 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                155.39 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             6844.98 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.083 + [  0.091  +  0.023 ] 

                      =  0.196  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         24.97 kN. 

                 Vuy                24.97 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        355.07 kN. 

                 Vuz               355.07 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.13065e+000,  Lz   = 1.13065e+000,  Lb   = 1.13065e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3919.21     -1248.80     -1348.39      -135.18       -58.77 

           ------------------------------------------------------------------------------- 

            TOTAL           -3919.21     -1248.80     -1348.39      -135.18       -58.77 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3919.21 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.06 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0272 

              Pey    =  (Area*Fy)/Lambda^2       = 48603515.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.18 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0684 

              Pez    =  (Area*Fy)/Lambda^2       =  7664499.47 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3919.21           -1248.80            -135.18 

           ---------------------------------------------------------------- 

            TOTAL           -3919.21           -1248.80            -135.18 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1248.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -135.18 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 131 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 132 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7664499.4668 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.131 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.4086e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7664499.4668 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         292.11 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26201.02 kN. 

           -. phiPn =  phi*Pn  =      23580.92 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3919.21 

           -. -------  =  ---------------  =          0.17  <  1.000  --->  O.K. 

               phiPn            23580.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1248.80 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMny            13551.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.97 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.97 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.97 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                135.18 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6844.97 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.083 + [  0.092  +  0.020 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        157.27 kN. 

                 Vuy               157.27 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        404.40 kN. 

                 Vuz               404.40 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.27250e+000,  Lz   = 1.27250e+000,  Lb   = 1.27250e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3928.14     -1349.73     -1536.50       -59.07         9.39 

           ------------------------------------------------------------------------------- 

            TOTAL           -3928.14     -1349.73     -1536.50       -59.07         9.39 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3928.14 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.31 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0306 

              Pey    =  (Area*Fy)/Lambda^2       = 38371871.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.83 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0770 

              Pez    =  (Area*Fy)/Lambda^2       =  6051027.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3928.14           -1536.50               9.39 

           ---------------------------------------------------------------- 

            TOTAL           -3928.14           -1536.50               9.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1536.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        9.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6051027.0082 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.272 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.4806e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6051027.0082 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         230.62 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26191.02 kN. 

           -. phiPn =  phi*Pn  =      23571.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3928.14 

           -. -------  =  ---------------  =          0.17  <  1.000  --->  O.K. 

               phiPn            23571.91 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13549.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13549.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1536.50 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny            13549.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.77 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.77 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.77 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  9.39 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMnz             6844.77 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.083 + [  0.113  +  0.001 ] 

                      =  0.198  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        524.95 kN. 

                 Vuy               524.95 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        460.12 kN. 

                 Vuz               460.12 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.36995e+000,  Lz   = 1.36995e+000,  Lb   = 1.36995e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3727.64     -1508.24     -1336.55        34.03       -88.62 

           ------------------------------------------------------------------------------- 

            TOTAL           -3727.64     -1508.24     -1336.55        34.03       -88.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3727.64 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0329 

              Pey    =  (Area*Fy)/Lambda^2       = 33106642.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0829 

              Pez    =  (Area*Fy)/Lambda^2       =  5220730.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3727.64           -1508.24              34.03 

           ---------------------------------------------------------------- 

            TOTAL           -3727.64           -1508.24              34.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1508.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       34.03 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 153 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5220730.3292 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.370 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0030e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5220730.3292 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.97 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26183.46 kN. 

           -. phiPn =  phi*Pn  =      23565.11 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3727.64 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            23565.11 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.51 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.51 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1508.24 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny            13548.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 34.03 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6844.63 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.079 + [  0.111  +  0.005 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        480.77 kN. 

                 Vuy               480.77 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        414.70 kN. 

                 Vuz               414.70 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.14918e+000,  Lz   = 1.14918e+000,  Lb   = 1.14918e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3737.91     -1336.72     -1233.23       -88.85      -139.86 

           ------------------------------------------------------------------------------- 

            TOTAL           -3737.91     -1336.72     -1233.23       -88.85      -139.86 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3737.91 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.09 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0276 

              Pey    =  (Area*Fy)/Lambda^2       = 47048782.45 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0695 

              Pez    =  (Area*Fy)/Lambda^2       =  7419326.86 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3737.91           -1336.72             -88.85 

           ---------------------------------------------------------------- 

            TOTAL           -3737.91           -1336.72             -88.85 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1336.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -88.85 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7419326.8578 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.149 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2676e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7419326.8578 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         282.76 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26199.78 kN. 

           -. phiPn =  phi*Pn  =      23579.81 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3737.91 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            23579.81 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.61 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1336.72 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny            13551.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.95 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.95 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 88.85 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             6844.95 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.079 + [  0.099  +  0.013 ] 

                      =  0.191  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        138.56 kN. 

                 Vuy               138.56 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        356.24 kN. 

                 Vuz               356.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            15784.06 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 170 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.14991e+000,  Lz   = 1.14991e+000,  Lb   = 1.14991e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3746.88     -1233.21     -1172.97      -139.94      -138.14 

           ------------------------------------------------------------------------------- 

            TOTAL           -3746.88     -1233.21     -1172.97      -139.94      -138.14 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3746.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.09 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0276 

              Pey    =  (Area*Fy)/Lambda^2       = 46989290.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0696 

              Pez    =  (Area*Fy)/Lambda^2       =  7409945.31 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3746.88           -1233.21            -139.94 

           ---------------------------------------------------------------- 

            TOTAL           -3746.88           -1233.21            -139.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1233.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -139.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7409945.3122 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.150 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2622e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7409945.3122 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         282.41 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26199.73 kN. 

           -. phiPn =  phi*Pn  =      23579.76 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3746.88 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            23579.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.60 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1233.21 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMny            13551.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.95 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.95 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                139.94 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6844.95 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 179 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.079 + [  0.091  +  0.020 ] 

                      =  0.191  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         11.72 kN. 

                 Vuy                11.72 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        304.69 kN. 

                 Vuz               304.69 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.14961e+000,  Lz   = 1.14961e+000,  Lb   = 1.14961e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3755.50     -1173.11     -1147.87      -138.14       -87.74 

           ------------------------------------------------------------------------------- 

            TOTAL           -3755.50     -1173.11     -1147.87      -138.14       -87.74 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3755.50 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.09 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0276 

              Pey    =  (Area*Fy)/Lambda^2       = 47014001.22 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0696 

              Pez    =  (Area*Fy)/Lambda^2       =  7413842.06 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3755.50           -1173.11            -138.14 

           ---------------------------------------------------------------- 

            TOTAL           -3755.50           -1173.11            -138.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1173.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -138.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7413842.0551 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.150 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2645e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7413842.0551 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         282.55 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26199.75 kN. 

           -. phiPn =  phi*Pn  =      23579.78 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3755.50 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            23579.78 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.60 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1173.11 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMny            13551.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.95 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.95 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                138.14 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6844.95 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.080 + [  0.087  +  0.020 ] 

                      =  0.186  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        116.97 kN. 

                 Vuy               116.97 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        253.15 kN. 

                 Vuz               253.15 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37075e+000,  Lz   = 1.37075e+000,  Lb   = 1.37075e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3764.66     -1147.71     -1137.00       -87.91      -140.79 

           ------------------------------------------------------------------------------- 

            TOTAL           -3764.66     -1147.71     -1137.00       -87.91      -140.79 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3764.66 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0329 

              Pey    =  (Area*Fy)/Lambda^2       = 33067879.85 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0830 

              Pez    =  (Area*Fy)/Lambda^2       =  5214617.60 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3764.66           -1137.00            -140.79 

           ---------------------------------------------------------------- 

            TOTAL           -3764.66           -1137.00            -140.79 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1137.00 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -140.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5214617.6019 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.371 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.9995e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5214617.6019 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.74 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26183.39 kN. 

           -. phiPn =  phi*Pn  =      23565.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3764.66 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            23565.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.50 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1137.00 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMny            13548.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                140.79 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             6844.63 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.080 + [  0.084  +  0.021 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        390.88 kN. 

                 Vuy               390.88 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        196.61 kN. 

                 Vuz               196.61 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.36951e+000,  Lz   = 1.36951e+000,  Lb   = 1.36951e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3375.70     -1098.92     -1191.03       -42.69      -113.43 

           ------------------------------------------------------------------------------- 

            TOTAL           -3375.70     -1098.92     -1191.03       -42.69      -113.43 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3375.70 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0329 

              Pey    =  (Area*Fy)/Lambda^2       = 33128195.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0829 

              Pez    =  (Area*Fy)/Lambda^2       =  5224129.08 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3375.70           -1191.03            -113.43 

           ---------------------------------------------------------------- 

            TOTAL           -3375.70           -1191.03            -113.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1191.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -113.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5224129.0808 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.370 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0049e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5224129.0808 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         199.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26183.49 kN. 

           -. phiPn =  phi*Pn  =      23565.14 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3375.70 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            23565.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1191.03 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMny            13548.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                113.43 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6844.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.088  +  0.017 ] 

                      =  0.176  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        389.94 kN. 

                 Vuy               389.94 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        172.51 kN. 

                 Vuz               172.51 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15022e+000,  Lz   = 1.15022e+000,  Lb   = 1.15022e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3386.33     -1192.97     -1289.18      -113.02      -138.23 

           ------------------------------------------------------------------------------- 

            TOTAL           -3386.33     -1192.97     -1289.18      -113.02      -138.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3386.33 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.09 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0276 

              Pey    =  (Area*Fy)/Lambda^2       = 46963860.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0696 

              Pez    =  (Area*Fy)/Lambda^2       =  7405935.11 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3386.33           -1289.18            -138.23 

           ---------------------------------------------------------------- 

            TOTAL           -3386.33           -1289.18            -138.23 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1289.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -138.23 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7405935.1075 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.150 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2599e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7405935.1075 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         282.25 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26199.71 kN. 

           -. phiPn =  phi*Pn  =      23579.74 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3386.33 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            23579.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.60 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1289.18 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiMny            13551.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.95 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.95 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                138.23 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6844.95 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.095  +  0.020 ] 

                      =  0.187  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        114.68 kN. 

                 Vuy               114.68 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        228.82 kN. 

                 Vuz               228.82 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15013e+000,  Lz   = 1.15013e+000,  Lb   = 1.15013e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3395.46     -1291.50     -1409.63      -138.85      -120.51 

           ------------------------------------------------------------------------------- 

            TOTAL           -3395.46     -1291.50     -1409.63      -138.85      -120.51 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3395.46 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.09 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0276 

              Pey    =  (Area*Fy)/Lambda^2       = 46970925.39 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0696 

              Pez    =  (Area*Fy)/Lambda^2       =  7407049.24 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3395.46           -1409.63            -120.51 

           ---------------------------------------------------------------- 

            TOTAL           -3395.46           -1409.63            -120.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1409.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -120.51 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7407049.2400 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.150 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2606e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7407049.2400 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         282.30 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26199.72 kN. 

           -. phiPn =  phi*Pn  =      23579.75 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3395.46 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            23579.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.60 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1409.63 

           -. --------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiMny            13551.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.95 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.95 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                120.51 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6844.95 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.104  +  0.018 ] 

                      =  0.194  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         18.00 kN. 

                 Vuy                18.00 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        278.90 kN. 

                 Vuz               278.90 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.14918e+000,  Lz   = 1.14918e+000,  Lb   = 1.14918e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3404.43     -1411.34     -1583.01      -120.47       -47.64 

           ------------------------------------------------------------------------------- 

            TOTAL           -3404.43     -1411.34     -1583.01      -120.47       -47.64 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3404.43 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.09 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0276 

              Pey    =  (Area*Fy)/Lambda^2       = 47048533.06 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0695 

              Pez    =  (Area*Fy)/Lambda^2       =  7419287.53 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3404.43           -1583.01             -47.64 

           ---------------------------------------------------------------- 

            TOTAL           -3404.43           -1583.01             -47.64 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1583.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -47.64 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7419287.5314 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.149 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2676e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7419287.5314 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         282.76 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26199.78 kN. 

           -. phiPn =  phi*Pn  =      23579.81 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3404.43 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            23579.81 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.61 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1583.01 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny            13551.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.95 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.95 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 47.64 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6844.95 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 245 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.117  +  0.007 ] 

                      =  0.196  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 246 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        150.32 kN. 

                 Vuy               150.32 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        332.13 kN. 

                 Vuz               332.13 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37044e+000,  Lz   = 1.37044e+000,  Lb   = 1.37044e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3412.97     -1585.37     -1840.90       -48.72       -49.67 

           ------------------------------------------------------------------------------- 

            TOTAL           -3412.97     -1585.37     -1840.90       -48.72       -49.67 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3412.97 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0329 

              Pey    =  (Area*Fy)/Lambda^2       = 33083004.28 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0829 

              Pez    =  (Area*Fy)/Lambda^2       =  5217002.64 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3412.97           -1840.90             -49.67 

           ---------------------------------------------------------------- 

            TOTAL           -3412.97           -1840.90             -49.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1840.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -49.67 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5217002.6398 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.370 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0008e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5217002.6398 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.83 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26183.42 kN. 

           -. phiPn =  phi*Pn  =      23565.08 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3412.97 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            23565.08 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.50 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1840.90 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiMny            13548.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 49.67 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6844.63 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.136  +  0.007 ] 

                      =  0.216  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        489.95 kN. 

                 Vuy               489.95 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        388.28 kN. 

                 Vuz               388.28 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46775e+000,  Lz   = 1.46775e+000,  Lb   = 1.46775e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2825.28     -1325.51      -899.91      -278.27       -27.91 

           ------------------------------------------------------------------------------- 

            TOTAL           -2825.28     -1325.51      -899.91      -278.27       -27.91 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2825.28 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.67 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0353 

              Pey    =  (Area*Fy)/Lambda^2       = 28841636.40 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0888 

              Pez    =  (Area*Fy)/Lambda^2       =  4548162.92 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2825.28           -1325.51            -278.27 

           ---------------------------------------------------------------- 

            TOTAL           -2825.28           -1325.51            -278.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1325.51 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -278.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4548162.9158 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.468 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6161e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4548162.9158 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         173.34 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26175.31 kN. 

           -. phiPn =  phi*Pn  =      23557.78 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2825.28 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            23557.78 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1325.51 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny            13547.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.50 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                278.27 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             6844.50 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.098  +  0.041 ] 

                      =  0.198  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        437.66 kN. 

                 Vuy               437.66 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        477.50 kN. 

                 Vuz               477.50 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34579e+000,  Lz   = 1.34579e+000,  Lb   = 1.34579e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2360.01     -1324.95      -965.77       -50.74      -115.89 

           ------------------------------------------------------------------------------- 

            TOTAL           -2360.01     -1324.95      -965.77       -50.74      -115.89 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2360.01 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 34305852.39 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0814 

              Pez    =  (Area*Fy)/Lambda^2       =  5409838.87 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2360.01           -1324.95             -50.74 

           ---------------------------------------------------------------- 

            TOTAL           -2360.01           -1324.95             -50.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1324.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -50.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5409838.8696 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1118e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5409838.8696 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.18 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26185.38 kN. 

           -. phiPn =  phi*Pn  =      23566.84 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2360.01 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            23566.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1324.95 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny            13548.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 50.74 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.098  +  0.007 ] 

                      =  0.155  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         93.70 kN. 

                 Vuy                93.70 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        425.40 kN. 

                 Vuz               425.40 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34510e+000,  Lz   = 1.34510e+000,  Lb   = 1.34510e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1988.05            1366.30              98.34 

           ---------------------------------------------------------------- 

            TOTAL            1988.05            1366.30              98.34 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1366.30 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       98.34 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1988.05 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1366.30 

           -. --------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiMny            13548.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 98.34 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.101  +  0.014 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    I ) 

           -. Applied shear force : Vuy =         13.63 kN. 

                 Vuy                13.63 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        374.63 kN. 

                 Vuz               374.63 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34546e+000,  Lz   = 1.34546e+000,  Lb   = 1.34546e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2326.88            1517.68              71.98 

           ---------------------------------------------------------------- 

            TOTAL            2326.88            1517.68              71.98 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1517.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       71.98 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2326.88 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1517.68 

           -. --------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiMny            13548.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 71.98 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.112  +  0.011 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         22.62 kN. 

                 Vuy                22.62 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        324.11 kN. 

                 Vuz               324.11 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34586e+000,  Lz   = 1.34586e+000,  Lb   = 1.34586e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2325.69            1696.60              26.71 

           ---------------------------------------------------------------- 

            TOTAL            2325.69            1696.60              26.71 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1696.60 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       26.71 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2325.69 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1696.60 

           -. --------  =  ---------------  =  0.125  <  1.000  --->  O.K. 

               phiMny            13548.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 26.71 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.125  +  0.004 ] 

                      =  0.163  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         62.52 kN. 

                 Vuy                62.52 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        272.28 kN. 

                 Vuz               272.28 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46778e+000,  Lz   = 1.46778e+000,  Lb   = 1.46778e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2324.54            1808.78             334.84 

           ---------------------------------------------------------------- 

            TOTAL            2324.54            1808.78             334.84 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1808.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      334.84 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2324.54 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1808.78 

           -. --------  =  ---------------  =  0.134  <  1.000  --->  O.K. 

               phiMny            13547.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.50 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                334.84 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             6844.50 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.134  +  0.049 ] 

                      =  0.217  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        266.95 kN. 

                 Vuy               266.95 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        218.94 kN. 

                 Vuz               218.94 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46737e+000,  Lz   = 1.46737e+000,  Lb   = 1.46737e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2208.61            1693.23             449.53 

           ---------------------------------------------------------------- 

            TOTAL            2208.61            1693.23             449.53 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1693.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      449.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2208.61 

           -. -------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1693.23 

           -. --------  =  ---------------  =  0.125  <  1.000  --->  O.K. 

               phiMny            13547.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.50 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 312 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                449.53 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMnz             6844.50 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.125  +  0.066 ] 

                      =  0.223  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        360.35 kN. 

                 Vuy               360.35 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        494.07 kN. 

                 Vuz               494.07 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34577e+000,  Lz   = 1.34577e+000,  Lb   = 1.34577e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2509.44      -988.63     -1509.67       -45.85      -100.76 

           ------------------------------------------------------------------------------- 

            TOTAL           -2509.44      -988.63     -1509.67       -45.85      -100.76 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2509.44 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 34307064.68 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0814 

              Pez    =  (Area*Fy)/Lambda^2       =  5410030.04 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2509.44           -1509.67            -100.76 

           ---------------------------------------------------------------- 

            TOTAL           -2509.44           -1509.67            -100.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1509.67 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -100.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5410030.0409 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1119e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5410030.0409 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26185.38 kN. 

           -. phiPn =  phi*Pn  =      23566.85 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2509.44 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            23566.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1509.67 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny            13548.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                100.76 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.111  +  0.015 ] 

                      =  0.179  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        115.25 kN. 

                 Vuy               115.25 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        549.21 kN. 

                 Vuz               549.21 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34549e+000,  Lz   = 1.34549e+000,  Lb   = 1.34549e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2540.08     -1517.21     -2130.69      -100.38      -239.40 

           ------------------------------------------------------------------------------- 

            TOTAL           -2540.08     -1517.21     -2130.69      -100.38      -239.40 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2540.08 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 34321296.55 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0814 

              Pez    =  (Area*Fy)/Lambda^2       =  5412274.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2540.08           -2130.69            -239.40 

           ---------------------------------------------------------------- 

            TOTAL           -2540.08           -2130.69            -239.40 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2130.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -239.40 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 330 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5412274.3260 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1132e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5412274.3260 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.27 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26185.41 kN. 

           -. phiPn =  phi*Pn  =      23566.87 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2540.08 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            23566.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2130.69 

           -. --------  =  ---------------  =  0.157  <  1.000  --->  O.K. 

               phiMny            13548.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                239.40 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.157  +  0.035 ] 

                      =  0.246  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        152.34 kN. 

                 Vuy               152.34 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        600.36 kN. 

                 Vuz               600.36 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43025e+000,  Lz   = 1.43025e+000,  Lb   = 1.43025e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -469.47     -1330.03     -1040.05      -173.93      -183.38 

           ------------------------------------------------------------------------------- 

            TOTAL            -469.47     -1330.03     -1040.05      -173.93      -183.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      469.47 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26766149.40 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0860 

              Pez    =  (Area*Fy)/Lambda^2       =  4251724.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -469.47           -1330.03            -173.93 

           ---------------------------------------------------------------- 

            TOTAL            -469.47           -1330.03            -173.93 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 340 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1330.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -173.93 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4251724.0517 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.430 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7384e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4251724.0517 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         199.49 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.76 kN. 

           -. phiPn =  phi*Pn  =      19141.88 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                469.47 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19141.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.60 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1330.03 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny            11938.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                173.93 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 346 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.111  +  0.029 ] 

                      =  0.152  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         37.81 kN. 

                 Vuy                37.81 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        339.09 kN. 

                 Vuz               339.09 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59107e+000,  Lz   = 1.59107e+000,  Lb   = 1.59107e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -878.72      -810.39      -903.01      -114.07      -239.85 

           ------------------------------------------------------------------------------- 

            TOTAL            -878.72      -810.39      -903.01      -114.07      -239.85 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      878.72 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0381 

              Pey    =  (Area*Fy)/Lambda^2       = 21628790.84 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.24 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0957 

              Pez    =  (Area*Fy)/Lambda^2       =  3435669.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -878.72            -903.01            -239.85 

           ---------------------------------------------------------------- 

            TOTAL            -878.72            -903.01            -239.85 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -903.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -239.85 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3435669.7657 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.591 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2128e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3435669.7657 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         161.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.16 kN. 

           -. phiPn =  phi*Pn  =      19132.34 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                878.72 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            19132.34 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.62 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                903.01 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiMny            11936.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                239.85 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.076  +  0.039 ] 

                      =  0.138  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        176.12 kN. 

                 Vuy               176.12 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        360.52 kN. 

                 Vuz               360.52 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.01990e+000,  Lz   = 3.01990e+000,  Lb   = 3.01990e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -680.16      -715.08     -1363.19      -265.14      -347.88 

           ------------------------------------------------------------------------------- 

            TOTAL            -680.16      -715.08     -1363.19      -265.14      -347.88 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      680.16 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0724 

              Pey    =  (Area*Fy)/Lambda^2       =  6003784.79 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1816 

              Pez    =  (Area*Fy)/Lambda^2       =   953683.54 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -680.16           -1363.19            -347.88 

           ---------------------------------------------------------------- 

            TOTAL            -680.16           -1363.19            -347.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1363.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -347.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  953683.5426 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.020 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1423e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  953683.5426 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          44.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21114.99 kN. 

           -. phiPn =  phi*Pn  =      19003.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                680.16 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19003.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11919.03 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11919.03 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1363.19 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny            11919.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                347.88 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMnz             6073.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.114  +  0.057 ] 

                      =  0.190  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 369 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        215.42 kN. 

                 Vuy               215.42 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        392.57 kN. 

                 Vuz               392.57 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43595e+000,  Lz   = 1.43595e+000,  Lb   = 1.43595e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1803.29     -1189.39      -687.40      -173.19      -148.14 

           ------------------------------------------------------------------------------- 

            TOTAL           -1803.29     -1189.39      -687.40      -173.19      -148.14 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1803.29 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26554118.34 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0864 

              Pez    =  (Area*Fy)/Lambda^2       =  4218043.54 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1803.29           -1189.39            -173.19 

           ---------------------------------------------------------------- 

            TOTAL           -1803.29           -1189.39            -173.19 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1189.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -173.19 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4218043.5425 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.436 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7167e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4218043.5425 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         197.91 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.40 kN. 

           -. phiPn =  phi*Pn  =      19141.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1803.29 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1189.39 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                173.19 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.100  +  0.029 ] 

                      =  0.175  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        257.74 kN. 

                 Vuy               257.74 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        368.39 kN. 

                 Vuz               368.39 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31534e+000,  Lz   = 1.31534e+000,  Lb   = 1.31534e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1805.06      -690.32      -466.45      -149.15      -232.35 

           ------------------------------------------------------------------------------- 

            TOTAL           -1805.06      -690.32      -466.45      -149.15      -232.35 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1805.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0315 

              Pey    =  (Area*Fy)/Lambda^2       = 31647353.16 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0791 

              Pez    =  (Area*Fy)/Lambda^2       =  5027088.90 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1805.06            -690.32            -149.15 

           ---------------------------------------------------------------- 

            TOTAL           -1805.06            -690.32            -149.15 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -690.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -149.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5027088.9028 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.315 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2378e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5027088.9028 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.86 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.64 kN. 

           -. phiPn =  phi*Pn  =      19148.08 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1805.06 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19148.08 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                690.32 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                149.15 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.058  +  0.025 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         84.90 kN. 

                 Vuy                84.90 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        309.66 kN. 

                 Vuz               309.66 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31539e+000,  Lz   = 1.31539e+000,  Lb   = 1.31539e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1806.00      -467.41      -331.96      -233.14      -211.42 

           ------------------------------------------------------------------------------- 

            TOTAL           -1806.00      -467.41      -331.96      -233.14      -211.42 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1806.00 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0315 

              Pey    =  (Area*Fy)/Lambda^2       = 31644920.50 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0791 

              Pez    =  (Area*Fy)/Lambda^2       =  5026702.48 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1806.00            -467.41            -233.14 

           ---------------------------------------------------------------- 

            TOTAL           -1806.00            -467.41            -233.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -467.41 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -233.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 397 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5026702.4813 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.315 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2375e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 399 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 5026702.4813 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.85 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.64 kN. 

           -. phiPn =  phi*Pn  =      19148.07 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1806.00 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19148.07 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                467.41 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                233.14 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.039  +  0.038 ] 

                      =  0.125  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         34.50 kN. 

                 Vuy                34.50 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        254.16 kN. 

                 Vuz               254.16 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31568e+000,  Lz   = 1.31568e+000,  Lb   = 1.31568e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 404 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1806.40      -332.52      -251.53      -211.48      -137.75 

           ------------------------------------------------------------------------------- 

            TOTAL           -1806.40      -332.52      -251.53      -211.48      -137.75 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1806.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0315 

              Pey    =  (Area*Fy)/Lambda^2       = 31630588.18 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0791 

              Pez    =  (Area*Fy)/Lambda^2       =  5024425.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1806.40            -332.52            -211.48 

           ---------------------------------------------------------------- 

            TOTAL           -1806.40            -332.52            -211.48 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -332.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -211.48 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 407 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5024425.8345 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.316 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2360e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5024425.8345 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.74 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.62 kN. 

           -. phiPn =  phi*Pn  =      19148.06 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1806.40 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19148.06 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                332.52 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                211.48 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.028  +  0.035 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         57.22 kN. 

                 Vuy                57.22 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        197.58 kN. 

                 Vuz               197.58 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31589e+000,  Lz   = 1.31589e+000,  Lb   = 1.31589e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1824.11             836.72              44.58 

           ---------------------------------------------------------------- 

            TOTAL            1824.11             836.72              44.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      836.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       44.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1824.11 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                836.72 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 44.58 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.070  +  0.007 ] 

                      =  0.108  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        111.16 kN. 

                 Vuy               111.16 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        142.14 kN. 

                 Vuz               142.14 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43554e+000,  Lz   = 1.43554e+000,  Lb   = 1.43554e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1822.59             870.98             520.33 

           ---------------------------------------------------------------- 

            TOTAL            1822.59             870.98             520.33 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      870.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      520.33 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1822.59 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                870.98 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                520.33 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.073  +  0.086 ] 

                      =  0.189  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        356.76 kN. 

                 Vuy               356.76 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         86.37 kN. 

                 Vuz                86.37 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43537e+000,  Lz   = 1.43537e+000,  Lb   = 1.43537e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1926.29             852.90             291.41 

           ---------------------------------------------------------------- 

            TOTAL            1926.29             852.90             291.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      852.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      291.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1926.29 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                852.90 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                291.41 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.071  +  0.048 ] 

                      =  0.152  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        222.02 kN. 

                 Vuy               222.02 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        173.23 kN. 

                 Vuz               173.23 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31540e+000,  Lz   = 1.31540e+000,  Lb   = 1.31540e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1924.63             889.48              52.57 

           ---------------------------------------------------------------- 

            TOTAL            1924.63             889.48              52.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      889.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       52.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1924.63 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                889.48 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 439 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 52.57 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.074  +  0.009 ] 

                      =  0.115  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         50.36 kN. 

                 Vuy                50.36 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        143.82 kN. 

                 Vuz               143.82 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31605e+000,  Lz   = 1.31605e+000,  Lb   = 1.31605e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1923.05             885.72              32.35 

           ---------------------------------------------------------------- 

            TOTAL            1923.05             885.72              32.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      885.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       32.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1923.05 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.00 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                885.72 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiMny            11940.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 32.35 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.074  +  0.005 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         34.52 kN. 

                 Vuy                34.52 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        184.59 kN. 

                 Vuz               184.59 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31558e+000,  Lz   = 1.31558e+000,  Lb   = 1.31558e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1921.51             811.96              19.09 

           ---------------------------------------------------------------- 

            TOTAL            1921.51             811.96              19.09 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      811.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       19.09 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1921.51 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                811.96 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 19.09 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.068  +  0.003 ] 

                      =  0.103  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         32.44 kN. 

                 Vuy                32.44 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        225.44 kN. 

                 Vuz               225.44 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31623e+000,  Lz   = 1.31623e+000,  Lb   = 1.31623e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1919.89             675.02              43.68 

           ---------------------------------------------------------------- 

            TOTAL            1919.89             675.02              43.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      675.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       43.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1919.89 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.00 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                675.02 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMny            11940.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 43.68 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.057  +  0.007 ] 

                      =  0.096  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         71.17 kN. 

                 Vuy                71.17 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        266.66 kN. 

                 Vuz               266.66 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43538e+000,  Lz   = 1.43538e+000,  Lb   = 1.43538e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1918.73             324.73             494.90 

           ---------------------------------------------------------------- 

            TOTAL            1918.73             324.73             494.90 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      324.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      494.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1918.73 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 466 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                324.73 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                494.90 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.027  +  0.081 ] 

                      =  0.141  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        349.69 kN. 

                 Vuy               349.69 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        310.31 kN. 

                 Vuz               310.31 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43436e+000,  Lz   = 1.43436e+000,  Lb   = 1.43436e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1887.64             329.46             474.85 

           ---------------------------------------------------------------- 

            TOTAL            1887.64             329.46             474.85 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      329.46 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      474.85 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1887.64 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                329.46 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiMny            11938.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                474.85 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.028  +  0.078 ] 

                      =  0.137  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        338.68 kN. 

                 Vuy               338.68 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 476 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        341.55 kN. 

                 Vuz               341.55 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31631e+000,  Lz   = 1.31631e+000,  Lb   = 1.31631e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1884.90             734.07              47.55 

           ---------------------------------------------------------------- 

            TOTAL            1884.90             734.07              47.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      734.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       47.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1884.90 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.00 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                734.07 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMny            11940.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 47.55 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.061  +  0.008 ] 

                      =  0.101  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         68.53 kN. 

                 Vuy                68.53 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        281.61 kN. 

                 Vuz               281.61 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31599e+000,  Lz   = 1.31599e+000,  Lb   = 1.31599e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1883.13             900.66              21.17 

           ---------------------------------------------------------------- 

            TOTAL            1883.13             900.66              21.17 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      900.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       21.17 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1883.13 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.00 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                900.66 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiMny            11940.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 21.17 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.075  +  0.003 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 489 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         33.47 kN. 

                 Vuy                33.47 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        239.72 kN. 

                 Vuz               239.72 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31523e+000,  Lz   = 1.31523e+000,  Lb   = 1.31523e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1881.87             994.30              32.21 

           ---------------------------------------------------------------- 

            TOTAL            1881.87             994.30              32.21 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      994.30 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       32.21 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1881.87 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                994.30 

           -. --------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 32.21 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.083  +  0.005 ] 

                      =  0.120  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         29.46 kN. 

                 Vuy                29.46 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        197.59 kN. 

                 Vuz               197.59 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31625e+000,  Lz   = 1.31625e+000,  Lb   = 1.31625e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1880.36            1051.06              42.77 

           ---------------------------------------------------------------- 

            TOTAL            1880.36            1051.06              42.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1051.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       42.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1880.36 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.00 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1051.06 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMny            11940.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 42.77 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.088  +  0.007 ] 

                      =  0.127  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         37.93 kN. 

                 Vuy                37.93 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        155.81 kN. 

                 Vuz               155.81 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43472e+000,  Lz   = 1.43472e+000,  Lb   = 1.43472e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1878.81            1071.84             304.40 

           ---------------------------------------------------------------- 

            TOTAL            1878.81            1071.84             304.40 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1071.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      304.40 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1878.81 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1071.84 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                304.40 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.090  +  0.050 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    J ) 

           -. Applied shear force : Vuy =        230.01 kN. 

                 Vuy               230.01 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        144.68 kN. 

                 Vuz               144.68 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1083,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43564e+000,  Lz   = 1.43564e+000,  Lb   = 1.43564e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1768.51            1098.83             494.02 

           ---------------------------------------------------------------- 

            TOTAL            1768.51            1098.83             494.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1098.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      494.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1768.51 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1098.83 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 516 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                494.02 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.092  +  0.081 ] 

                      =  0.203  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        338.66 kN. 

                 Vuy               338.66 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         92.50 kN. 

                 Vuz                92.50 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1084,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31557e+000,  Lz   = 1.31557e+000,  Lb   = 1.31557e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1767.34            1065.65              44.03 

           ---------------------------------------------------------------- 

            TOTAL            1767.34            1065.65              44.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1065.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       44.03 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1767.34 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1065.65 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 44.03 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.089  +  0.007 ] 

                      =  0.126  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        102.16 kN. 

                 Vuy               102.16 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        150.08 kN. 

                 Vuz               150.08 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1085,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31564e+000,  Lz   = 1.31564e+000,  Lb   = 1.31564e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1766.36             959.58              83.01 

           ---------------------------------------------------------------- 

            TOTAL            1766.36             959.58              83.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      959.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       83.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1766.36 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                959.58 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 83.01 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.080  +  0.014 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         64.91 kN. 

                 Vuy                64.91 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 532 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        205.49 kN. 

                 Vuz               205.49 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1086,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31626e+000,  Lz   = 1.31626e+000,  Lb   = 1.31626e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1742.60      -317.23      -454.02      -199.72      -228.13 

           ------------------------------------------------------------------------------- 

            TOTAL           -1742.60      -317.23      -454.02      -199.72      -228.13 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1742.60 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0316 

              Pey    =  (Area*Fy)/Lambda^2       = 31603093.35 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0792 

              Pez    =  (Area*Fy)/Lambda^2       =  5020058.36 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1742.60            -454.02            -228.13 

           ---------------------------------------------------------------- 

            TOTAL           -1742.60            -454.02            -228.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -454.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -228.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5020058.3623 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.316 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2332e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5020058.3623 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.59 kN. 

           -. phiPn =  phi*Pn  =      19148.03 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1742.60 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19148.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.00 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                454.02 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMny            11940.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                228.13 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.038  +  0.038 ] 

                      =  0.121  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         29.23 kN. 

                 Vuy                29.23 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        259.73 kN. 

                 Vuz               259.73 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31481e+000,  Lz   = 1.31481e+000,  Lb   = 1.31481e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1743.77      -453.59      -666.27      -228.83      -157.16 

           ------------------------------------------------------------------------------- 

            TOTAL           -1743.77      -453.59      -666.27      -228.83      -157.16 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1743.77 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.38 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0315 

              Pey    =  (Area*Fy)/Lambda^2       = 31672524.83 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0791 

              Pez    =  (Area*Fy)/Lambda^2       =  5031087.35 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1743.77            -666.27            -157.16 

           ---------------------------------------------------------------- 

            TOTAL           -1743.77            -666.27            -157.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -666.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -157.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5031087.3475 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.315 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2403e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5031087.3475 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         236.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.67 kN. 

           -. phiPn =  phi*Pn  =      19148.10 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1743.77 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19148.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.02 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.02 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                666.27 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMny            11940.02 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                157.16 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.056  +  0.026 ] 

                      =  0.127  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         63.08 kN. 

                 Vuy                63.08 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        316.35 kN. 

                 Vuz               316.35 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43625e+000,  Lz   = 1.43625e+000,  Lb   = 1.43625e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1744.11      -665.42     -1135.30      -158.18      -121.79 

           ------------------------------------------------------------------------------- 

            TOTAL           -1744.11      -665.42     -1135.30      -158.18      -121.79 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1744.11 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26543022.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.54 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0864 

              Pez    =  (Area*Fy)/Lambda^2       =  4216280.93 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1744.11           -1135.30            -121.79 

           ---------------------------------------------------------------- 

            TOTAL           -1744.11           -1135.30            -121.79 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1135.30 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -121.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4216280.9260 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.436 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7156e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4216280.9260 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         197.82 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.38 kN. 

           -. phiPn =  phi*Pn  =      19141.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1744.11 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1135.30 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                121.79 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.095  +  0.020 ] 

                      =  0.161  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        251.94 kN. 

                 Vuy               251.94 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        375.50 kN. 

                 Vuz               375.50 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.01891e+000,  Lz   = 3.01891e+000,  Lb   = 3.01891e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 567 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -183.09     -1552.38      -615.55      -266.79      -108.38 

           ------------------------------------------------------------------------------- 

            TOTAL            -183.09     -1552.38      -615.55      -266.79      -108.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      183.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0724 

              Pey    =  (Area*Fy)/Lambda^2       =  6007747.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1816 

              Pez    =  (Area*Fy)/Lambda^2       =   954313.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -183.09           -1552.38            -266.79 

           ---------------------------------------------------------------- 

            TOTAL            -183.09           -1552.38            -266.79 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1552.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -266.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  954313.0675 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.019 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1464e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  954313.0675 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          44.78 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21115.12 kN. 

           -. phiPn =  phi*Pn  =      19003.61 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                183.09 

           -. -------  =  ---------------  =     9.63e-003  <  1.000  --->  O.K. 

               phiPn            19003.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11919.05 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11919.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1552.38 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny            11919.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                266.79 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMnz             6073.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.130  +  0.044 ] 

                      =  0.179  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        185.51 kN. 

                 Vuy               185.51 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        481.71 kN. 

                 Vuz               481.71 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1090,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.58983e+000,  Lz   = 1.58983e+000,  Lb   = 1.58983e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -221.21      -792.86     -1183.87      -109.00      -156.11 

           ------------------------------------------------------------------------------- 

            TOTAL            -221.21      -792.86     -1183.87      -109.00      -156.11 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      221.21 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0381 

              Pey    =  (Area*Fy)/Lambda^2       = 21662488.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.23 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0956 

              Pez    =  (Area*Fy)/Lambda^2       =  3441022.61 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -221.21           -1183.87            -156.11 

           ---------------------------------------------------------------- 

            TOTAL            -221.21           -1183.87            -156.11 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1183.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -156.11 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3441022.6101 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.590 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2162e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3441022.6101 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         161.45 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.25 kN. 

           -. phiPn =  phi*Pn  =      19132.42 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                221.21 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19132.42 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1183.87 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny            11936.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                156.11 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.099  +  0.026 ] 

                      =  0.131  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        156.20 kN. 

                 Vuy               156.20 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        444.08 kN. 

                 Vuz               444.08 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1091,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43007e+000,  Lz   = 1.43007e+000,  Lb   = 1.43007e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -228.95     -1189.59     -1623.82      -152.42      -103.32 

           ------------------------------------------------------------------------------- 

            TOTAL            -228.95     -1189.59     -1623.82      -152.42      -103.32 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      228.95 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26772902.76 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0860 

              Pez    =  (Area*Fy)/Lambda^2       =  4252796.80 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -228.95           -1623.82            -103.32 

           ---------------------------------------------------------------- 

            TOTAL            -228.95           -1623.82            -103.32 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1623.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -103.32 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4252796.8038 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.430 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7391e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4252796.8038 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         199.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.77 kN. 

           -. phiPn =  phi*Pn  =      19141.89 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                228.95 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19141.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.60 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1623.82 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiMny            11938.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                103.32 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.136  +  0.017 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         39.71 kN. 

                 Vuy                39.71 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        426.24 kN. 

                 Vuz               426.24 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1092,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34427e+000,  Lz   = 1.34427e+000,  Lb   = 1.34427e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -481.27     -1792.38     -1017.47      -122.51       -44.05 

           ------------------------------------------------------------------------------- 

            TOTAL            -481.27     -1792.38     -1017.47      -122.51       -44.05 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      481.27 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30299864.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4813044.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -481.27           -1792.38            -122.51 

           ---------------------------------------------------------------- 

            TOTAL            -481.27           -1792.38            -122.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1792.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -122.51 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4813044.3289 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0999e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 606 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4813044.3289 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.82 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.96 kN. 

           -. phiPn =  phi*Pn  =      19146.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                481.27 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19146.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.66 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1792.38 

           -. --------  =  ---------------  =  0.150  <  1.000  --->  O.K. 

               phiMny            11939.66 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                122.51 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.150  +  0.020 ] 

                      =  0.183  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        123.77 kN. 

                 Vuy               123.77 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        606.09 kN. 

                 Vuz               606.09 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1093,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34449e+000,  Lz   = 1.34449e+000,  Lb   = 1.34449e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2160.52      -857.35      -741.42      -181.92      -114.88 

           ------------------------------------------------------------------------------- 

            TOTAL           -2160.52      -857.35      -741.42      -181.92      -114.88 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2160.52 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30289656.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4811422.82 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2160.52            -857.35            -181.92 

           ---------------------------------------------------------------- 

            TOTAL           -2160.52            -857.35            -181.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -857.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -181.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 616 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4811422.8151 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0989e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 617 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4811422.8151 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.95 kN. 

           -. phiPn =  phi*Pn  =      19146.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2160.52 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            19146.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                857.35 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                181.92 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.072  +  0.030 ] 

                      =  0.158  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         95.27 kN. 

                 Vuy                95.27 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        576.88 kN. 

                 Vuz               576.88 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1094,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46687e+000,  Lz   = 1.46687e+000,  Lb   = 1.46687e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2162.47      -740.24      -851.19      -115.87      -271.92 

           ------------------------------------------------------------------------------- 

            TOTAL           -2162.47      -740.24      -851.19      -115.87      -271.92 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2162.47 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.66 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0352 

              Pey    =  (Area*Fy)/Lambda^2       = 25446445.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.68 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0882 

              Pez    =  (Area*Fy)/Lambda^2       =  4042092.92 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2162.47            -851.19            -271.92 

           ---------------------------------------------------------------- 

            TOTAL           -2162.47            -851.19            -271.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -851.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -271.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4042092.9189 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.467 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6034e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4042092.9189 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         189.65 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21266.44 kN. 

           -. phiPn =  phi*Pn  =      19139.80 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2162.47 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            19139.80 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                851.19 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMny            11938.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                271.92 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.071  +  0.045 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        326.76 kN. 

                 Vuy               326.76 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        628.86 kN. 

                 Vuz               628.86 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1095,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.51634e+000,  Lz   = 1.51634e+000,  Lb   = 1.51634e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1658.13      -678.74      -439.21      -188.76      -171.06 

           ------------------------------------------------------------------------------- 

            TOTAL           -1658.13      -678.74      -439.21      -188.76      -171.06 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1658.13 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.75 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0363 

              Pey    =  (Area*Fy)/Lambda^2       = 23813174.65 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.90 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0912 

              Pez    =  (Area*Fy)/Lambda^2       =  3782652.70 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1658.13            -678.74            -188.76 

           ---------------------------------------------------------------- 

            TOTAL           -1658.13            -678.74            -188.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -678.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -188.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3782652.7046 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.516 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4363e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3782652.7046 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         177.48 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21263.22 kN. 

           -. phiPn =  phi*Pn  =      19136.90 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1658.13 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19136.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                678.74 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMny            11937.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.54 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.54 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                188.76 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiMnz             6075.54 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.057  +  0.031 ] 

                      =  0.131  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        316.81 kN. 

                 Vuy               316.81 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        246.41 kN. 

                 Vuz               246.41 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1096,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.42728e+000,  Lz   = 1.42728e+000,  Lb   = 1.42728e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1660.44      -438.67      -320.07      -172.37      -241.14 

           ------------------------------------------------------------------------------- 

            TOTAL           -1660.44      -438.67      -320.07      -172.37      -241.14 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1660.44 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0342 

              Pey    =  (Area*Fy)/Lambda^2       = 26877806.30 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.50 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0858 

              Pez    =  (Area*Fy)/Lambda^2       =  4269460.42 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1660.44            -320.07            -241.14 

           ---------------------------------------------------------------- 

            TOTAL           -1660.44            -320.07            -241.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -320.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -241.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4269460.4224 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.427 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7498e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4269460.4224 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         200.32 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.94 kN. 

           -. phiPn =  phi*Pn  =      19142.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1660.44 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19142.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                320.07 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMny            11938.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                241.14 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.027  +  0.040 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         51.82 kN. 

                 Vuy                51.82 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        193.54 kN. 

                 Vuz               193.54 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1097,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.51644e+000,  Lz   = 1.51644e+000,  Lb   = 1.51644e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1661.71      -319.48      -304.16      -242.46      -134.81 

           ------------------------------------------------------------------------------- 

            TOTAL           -1661.71      -319.48      -304.16      -242.46      -134.81 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1661.71 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.75 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0364 

              Pey    =  (Area*Fy)/Lambda^2       = 23810005.91 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.90 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0912 

              Pez    =  (Area*Fy)/Lambda^2       =  3782149.36 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1661.71            -319.48            -242.46 

           ---------------------------------------------------------------- 

            TOTAL           -1661.71            -319.48            -242.46 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -319.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -242.46 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 658 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3782149.3587 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.516 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4359e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3782149.3587 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         177.45 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21263.22 kN. 

           -. phiPn =  phi*Pn  =      19136.90 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1661.71 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19136.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                319.48 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMny            11937.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.54 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.54 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                242.46 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiMnz             6075.54 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.027  +  0.040 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    J ) 

           -. Applied shear force : Vuy =        231.25 kN. 

                 Vuy               231.25 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        142.67 kN. 

                 Vuz               142.67 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46654e+000,  Lz   = 1.46654e+000,  Lb   = 1.46654e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1416.02             491.08             199.30 

           ---------------------------------------------------------------- 

            TOTAL            1416.02             491.08             199.30 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      491.08 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      199.30 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1416.02 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                491.08 

           -. --------  =  ---------------  =  0.153  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                199.30 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.153  +  0.069 ] 

                      =  0.262  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        167.51 kN. 

                 Vuy               167.51 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        369.02 kN. 

                 Vuz               369.02 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34480e+000,  Lz   = 1.34480e+000,  Lb   = 1.34480e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1417.64             819.94              40.28 

           ---------------------------------------------------------------- 

            TOTAL            1417.64             819.94              40.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      819.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       40.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1417.64 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                819.94 

           -. --------  =  ---------------  =  0.255  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 40.28 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.255  +  0.014 ] 

                      =  0.310  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         43.36 kN. 

                 Vuy                43.36 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        300.96 kN. 

                 Vuz               300.96 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34560e+000,  Lz   = 1.34560e+000,  Lb   = 1.34560e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       445.46             948.97             126.02 

           ---------------------------------------------------------------- 

            TOTAL             445.46             948.97             126.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      948.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      126.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                445.46 

           -. -------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                948.97 

           -. --------  =  ---------------  =  0.295  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                126.02 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.295  +  0.044 ] 

                      =  0.352  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         73.77 kN. 

                 Vuy                73.77 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        279.31 kN. 

                 Vuz               279.31 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34455e+000,  Lz   = 1.34455e+000,  Lb   = 1.34455e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -628.23     -1522.10     -2201.29       -98.15       -62.30 

           ------------------------------------------------------------------------------- 

            TOTAL            -628.23     -1522.10     -2201.29       -98.15       -62.30 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      628.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30287109.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4811018.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -628.23           -2201.29             -62.30 

           ---------------------------------------------------------------- 

            TOTAL            -628.23           -2201.29             -62.30 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2201.29 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -62.30 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4811018.2727 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0986e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4811018.2727 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.73 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.95 kN. 

           -. phiPn =  phi*Pn  =      19146.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                628.23 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19146.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2201.29 

           -. --------  =  ---------------  =  0.184  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 62.30 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.184  +  0.010 ] 

                      =  0.211  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        150.06 kN. 

                 Vuy               150.06 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        532.32 kN. 

                 Vuz               532.32 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3005,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34457e+000,  Lz   = 1.34457e+000,  Lb   = 1.34457e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -290.30     -2566.55     -1059.98      -227.41       -22.65 

           ------------------------------------------------------------------------------- 

            TOTAL            -290.30     -2566.55     -1059.98      -227.41       -22.65 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      290.30 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30286289.06 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4810887.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -290.30           -2566.55            -227.41 

           ---------------------------------------------------------------- 

            TOTAL            -290.30           -2566.55            -227.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2566.55 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -227.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4810887.8755 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0985e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4810887.8755 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.72 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.94 kN. 

           -. phiPn =  phi*Pn  =      19146.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                290.30 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19146.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2566.55 

           -. --------  =  ---------------  =  0.215  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                227.41 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.215  +  0.037 ] 

                      =  0.260  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        207.59 kN. 

                 Vuy               207.59 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1140.98 kN. 

                 Vuz              1140.98 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3006,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46706e+000,  Lz   = 1.46706e+000,  Lb   = 1.46706e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2071.70     -1007.49     -1220.17       -43.00      -246.86 

           ------------------------------------------------------------------------------- 

            TOTAL           -2071.70     -1007.49     -1220.17       -43.00      -246.86 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2071.70 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.66 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0352 

              Pey    =  (Area*Fy)/Lambda^2       = 25439871.53 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.68 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0882 

              Pez    =  (Area*Fy)/Lambda^2       =  4041048.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2071.70           -1220.17            -246.86 

           ---------------------------------------------------------------- 

            TOTAL           -2071.70           -1220.17            -246.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1220.17 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -246.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 712 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4041048.7154 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.467 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6027e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4041048.7154 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         189.60 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21266.43 kN. 

           -. phiPn =  phi*Pn  =      19139.79 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2071.70 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            19139.79 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1220.17 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMny            11938.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                246.86 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.102  +  0.041 ] 

                      =  0.197  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        240.55 kN. 

                 Vuy               240.55 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1162.03 kN. 

                 Vuz              1162.03 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46755e+000,  Lz   = 1.46755e+000,  Lb   = 1.46755e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -706.81      -881.69     -2334.77       -90.83       -16.67 

           ------------------------------------------------------------------------------- 

            TOTAL            -706.81      -881.69     -2334.77       -90.83       -16.67 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      706.81 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.66 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0352 

              Pey    =  (Area*Fy)/Lambda^2       = 25423015.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.68 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0883 

              Pez    =  (Area*Fy)/Lambda^2       =  4038371.19 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -706.81           -2334.77             -16.67 

           ---------------------------------------------------------------- 

            TOTAL            -706.81           -2334.77             -16.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2334.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -16.67 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 724 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4038371.1859 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.468 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6010e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4038371.1859 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         189.48 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21266.40 kN. 

           -. phiPn =  phi*Pn  =      19139.76 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                706.81 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19139.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2334.77 

           -. --------  =  ---------------  =  0.196  <  1.000  --->  O.K. 

               phiMny            11938.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 16.67 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.196  +  0.003 ] 

                      =  0.217  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =        186.71 kN. 

                 Vuy               186.71 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =       1097.63 kN. 

                 Vuz              1097.63 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34406e+000,  Lz   = 1.34406e+000,  Lb   = 1.34406e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -732.64     -2330.21     -3738.26       -17.16      -122.31 

           ------------------------------------------------------------------------------- 

            TOTAL            -732.64     -2330.21     -3738.26       -17.16      -122.31 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      732.64 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30309274.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0808 

              Pez    =  (Area*Fy)/Lambda^2       =  4814539.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -732.64           -3738.26            -122.31 

           ---------------------------------------------------------------- 

            TOTAL            -732.64           -3738.26            -122.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3738.26 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -122.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4814539.0061 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1009e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4814539.0061 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.89 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.97 kN. 

           -. phiPn =  phi*Pn  =      19146.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                732.64 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19146.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.66 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3738.26 

           -. --------  =  ---------------  =  0.313  <  1.000  --->  O.K. 

               phiMny            11939.66 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                122.31 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.313  +  0.020 ] 

                      =  0.352  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        120.12 kN. 

                 Vuy               120.12 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =       1074.39 kN. 

                 Vuz              1074.39 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34501e+000,  Lz   = 1.34501e+000,  Lb   = 1.34501e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -313.30     -3655.76     -2768.92       -73.69       -55.66 

           ------------------------------------------------------------------------------- 

            TOTAL            -313.30     -3655.76     -2768.92       -73.69       -55.66 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      313.30 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30266450.27 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4807736.54 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -313.30           -3655.76             -73.69 

           ---------------------------------------------------------------- 

            TOTAL            -313.30           -3655.76             -73.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3655.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -73.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 747 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4807736.5431 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0965e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4807736.5431 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.57 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.92 kN. 

           -. phiPn =  phi*Pn  =      19146.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                313.30 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19146.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3655.76 

           -. --------  =  ---------------  =  0.306  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 73.69 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.306  +  0.012 ] 

                      =  0.326  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         31.45 kN. 

                 Vuy                31.45 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        703.72 kN. 

                 Vuz               703.72 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34465e+000,  Lz   = 1.34465e+000,  Lb   = 1.34465e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -297.94     -2764.30     -1968.40       -55.40       -34.36 

           ------------------------------------------------------------------------------- 

            TOTAL            -297.94     -2764.30     -1968.40       -55.40       -34.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      297.94 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30282637.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4810307.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -297.94           -2764.30             -55.40 

           ---------------------------------------------------------------- 

            TOTAL            -297.94           -2764.30             -55.40 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2764.30 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -55.40 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 756 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4810307.8266 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0981e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4810307.8266 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.69 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.94 kN. 

           -. phiPn =  phi*Pn  =      19146.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                297.94 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19146.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2764.30 

           -. --------  =  ---------------  =  0.232  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 55.40 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.232  +  0.009 ] 

                      =  0.248  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         22.05 kN. 

                 Vuy                22.05 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        659.92 kN. 

                 Vuz               659.92 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34482e+000,  Lz   = 1.34482e+000,  Lb   = 1.34482e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES         3.32            2139.25              53.94 

           ---------------------------------------------------------------- 

            TOTAL               3.32            2139.25              53.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2139.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       53.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                  3.32 

           -. -------  =  ---------------  =1.112e-004  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2139.25 

           -. --------  =  ---------------  =  0.179  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 53.94 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =5.561e-005 + [  0.179  +  0.009 ] 

                      =  0.188  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 768 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         38.79 kN. 

                 Vuy                38.79 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        615.61 kN. 

                 Vuz               615.61 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46733e+000,  Lz   = 1.46733e+000,  Lb   = 1.46733e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1589.12            1175.43             269.23 

           ---------------------------------------------------------------- 

            TOTAL            1589.12            1175.43             269.23 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1175.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      269.23 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1589.12 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1175.43 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny            11938.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                269.23 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.098  +  0.044 ] 

                      =  0.169  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        237.87 kN. 

                 Vuy               237.87 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        569.66 kN. 

                 Vuz               569.66 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46738e+000,  Lz   = 1.46738e+000,  Lb   = 1.46738e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1624.64            1181.57             391.06 

           ---------------------------------------------------------------- 

            TOTAL            1624.64            1181.57             391.06 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 779 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1181.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      391.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1624.64 

           -. -------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1181.57 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny            11938.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                391.06 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.099  +  0.064 ] 

                      =  0.191  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        265.43 kN. 

                 Vuy               265.43 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        596.07 kN. 

                 Vuz               596.07 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34475e+000,  Lz   = 1.34475e+000,  Lb   = 1.34475e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2246.81      -477.49      -583.94       -31.83       -85.38 

           ------------------------------------------------------------------------------- 

            TOTAL           -2246.81      -477.49      -583.94       -31.83       -85.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2246.81 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30277915.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4809557.70 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2246.81            -583.94             -85.38 

           ---------------------------------------------------------------- 

            TOTAL           -2246.81            -583.94             -85.38 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -583.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -85.38 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4809557.6957 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0977e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4809557.6957 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.93 kN. 

           -. phiPn =  phi*Pn  =      19146.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2246.81 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            19146.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                583.94 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 85.38 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.059 + [  0.049  +  0.014 ] 

                      =  0.122  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        129.02 kN. 

                 Vuy               129.02 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        644.94 kN. 

                 Vuz               644.94 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34424e+000,  Lz   = 1.34424e+000,  Lb   = 1.34424e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -520.71      -813.00     -1645.84       -78.98      -234.51 

           ------------------------------------------------------------------------------- 

            TOTAL            -520.71      -813.00     -1645.84       -78.98      -234.51 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      520.71 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30300837.27 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4813198.82 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -520.71           -1645.84            -234.51 

           ---------------------------------------------------------------- 

            TOTAL            -520.71           -1645.84            -234.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1645.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -234.51 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4813198.8158 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1000e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4813198.8158 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.83 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.96 kN. 

           -. phiPn =  phi*Pn  =      19146.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                520.71 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19146.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.66 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1645.84 

           -. --------  =  ---------------  =  0.138  <  1.000  --->  O.K. 

               phiMny            11939.66 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                234.51 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.138  +  0.039 ] 

                      =  0.190  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        155.69 kN. 

                 Vuy               155.69 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        691.41 kN. 

                 Vuz               691.41 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 806 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   3016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34499e+000,  Lz   = 1.34499e+000,  Lb   = 1.34499e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -837.58       -18.56     -1062.44      -106.15       -86.78 

           ------------------------------------------------------------------------------- 

            TOTAL            -837.58       -18.56     -1062.44      -106.15       -86.78 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      837.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3053572.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2292732.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -837.58           -1062.44             -86.78 

           ---------------------------------------------------------------- 

            TOTAL            -837.58           -1062.44             -86.78 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1062.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -86.78 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2292732.7721 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1864e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2292732.7721 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.78 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.78 kN. 

           -. phiPn =  phi*Pn  =      16481.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                837.58 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16481.50 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1062.44 

           -. --------  =  ---------------  =  0.331  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 86.78 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.331  +  0.030 ] 

                      =  0.386  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         46.47 kN. 

                 Vuy                46.47 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1069.01 kN. 

                 Vuz              1069.01 

           -. --------  =  ---------------  =  0.175  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34489e+000,  Lz   = 1.34489e+000,  Lb   = 1.34489e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -461.20     -1208.03      -482.30      -182.47       -94.53 

           ------------------------------------------------------------------------------- 

            TOTAL            -461.20     -1208.03      -482.30      -182.47       -94.53 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      461.20 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3054041.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2293085.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -461.20           -1208.03            -182.47 

           ---------------------------------------------------------------- 

            TOTAL            -461.20           -1208.03            -182.47 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1208.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -182.47 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2293085.1653 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1866e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2293085.1653 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.80 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.79 kN. 

           -. phiPn =  phi*Pn  =      16481.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                461.20 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16481.51 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1208.03 

           -. --------  =  ---------------  =  0.376  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                182.47 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.376  +  0.063 ] 

                      =  0.453  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 826 DE 12066 

 

 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        157.84 kN. 

                 Vuy               157.84 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        546.38 kN. 

                 Vuz               546.38 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46666e+000,  Lz   = 1.46666e+000,  Lb   = 1.46666e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2015.37             521.42              30.38 

           ---------------------------------------------------------------- 

            TOTAL            2015.37             521.42              30.38 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      521.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       30.38 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2015.37 

           -. -------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                521.42 

           -. --------  =  ---------------  =  0.162  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 30.38 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.162  +  0.010 ] 

                      =  0.230  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        176.55 kN. 

                 Vuy               176.55 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        531.31 kN. 

                 Vuz               531.31 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46699e+000,  Lz   = 1.46699e+000,  Lb   = 1.46699e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -643.05      -425.74      -686.56      -261.07       -42.63 

           ------------------------------------------------------------------------------- 

            TOTAL            -643.05      -425.74      -686.56      -261.07       -42.63 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      643.05 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.40 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0846 

              Pey    =  (Area*Fy)/Lambda^2       =  2566796.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0976 

              Pez    =  (Area*Fy)/Lambda^2       =  1927243.69 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -643.05            -686.56             -42.63 

           ---------------------------------------------------------------- 

            TOTAL            -643.05            -686.56             -42.63 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -686.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -42.63 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1927243.6866 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.467 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9726e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1927243.6866 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.89 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.14 kN. 

           -. phiPn =  phi*Pn  =      16471.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                643.05 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16471.02 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                686.56 

           -. --------  =  ---------------  =  0.214  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 42.63 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.214  +  0.015 ] 

                      =  0.248  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        212.39 kN. 

                 Vuy               212.39 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        373.99 kN. 

                 Vuz               373.99 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34502e+000,  Lz   = 1.34502e+000,  Lb   = 1.34502e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -646.06      -693.98     -1117.45       -42.52      -289.95 

           ------------------------------------------------------------------------------- 

            TOTAL            -646.06      -693.98     -1117.45       -42.52      -289.95 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      646.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3053427.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2292623.78 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -646.06           -1117.45            -289.95 

           ---------------------------------------------------------------- 

            TOTAL            -646.06           -1117.45            -289.95 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1117.45 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -289.95 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2292623.7802 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1863e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2292623.7802 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.77 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.78 kN. 

           -. phiPn =  phi*Pn  =      16481.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                646.06 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16481.50 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1117.45 

           -. --------  =  ---------------  =  0.348  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                289.95 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.348  +  0.100 ] 

                      =  0.467  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        197.95 kN. 

                 Vuy               197.95 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        426.27 kN. 

                 Vuz               426.27 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34517e+000,  Lz   = 1.34517e+000,  Lb   = 1.34517e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1014.99     -1120.66       -46.19      -101.39       -78.83 

           ------------------------------------------------------------------------------- 

            TOTAL           -1014.99     -1120.66       -46.19      -101.39       -78.83 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1014.99 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3052753.71 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2292118.24 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1014.99           -1120.66            -101.39 

           ---------------------------------------------------------------- 

            TOTAL           -1014.99           -1120.66            -101.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1120.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -101.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2292118.2445 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1861e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2292118.2445 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.77 kN. 

           -. phiPn =  phi*Pn  =      16481.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1014.99 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16481.49 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1120.66 

           -. --------  =  ---------------  =  0.349  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                101.39 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.349  +  0.035 ] 

                      =  0.415  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         66.75 kN. 

                 Vuy                66.75 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        922.45 kN. 

                 Vuz               922.45 

           -. --------  =  ---------------  =  0.151  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34618e+000,  Lz   = 1.34618e+000,  Lb   = 1.34618e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2222.00         8.99      -957.20       -87.31      -124.10 

           ------------------------------------------------------------------------------- 

            TOTAL           -2222.00         8.99      -957.20       -87.31      -124.10 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2222.00 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3048178.45 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2288682.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2222.00            -957.20            -124.10 

           ---------------------------------------------------------------- 

            TOTAL           -2222.00            -957.20            -124.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -957.20 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -124.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 872 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2288682.9686 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1843e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2288682.9686 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.56 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.67 kN. 

           -. phiPn =  phi*Pn  =      16481.41 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2222.00 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            16481.41 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.43 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                957.20 

           -. --------  =  ---------------  =  0.298  <  1.000  --->  O.K. 

               phiMny             3213.43 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                124.10 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.067 + [  0.298  +  0.043 ] 

                      =  0.408  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         65.25 kN. 

                 Vuy                65.25 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        841.84 kN. 

                 Vuz               841.84 

           -. --------  =  ---------------  =  0.138  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34517e+000,  Lz   = 1.34517e+000,  Lb   = 1.34517e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 880 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1265.60     -1069.76      -521.39      -107.69       -42.97 

           ------------------------------------------------------------------------------- 

            TOTAL           -1265.60     -1069.76      -521.39      -107.69       -42.97 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1265.60 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3052772.27 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2292132.18 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1265.60           -1069.76            -107.69 

           ---------------------------------------------------------------- 

            TOTAL           -1265.60           -1069.76            -107.69 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 882 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1069.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -107.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 885 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2292132.1785 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1861e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2292132.1785 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.77 kN. 

           -. phiPn =  phi*Pn  =      16481.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1265.60 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            16481.49 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1069.76 

           -. --------  =  ---------------  =  0.333  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                107.69 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.333  +  0.037 ] 

                      =  0.408  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        151.15 kN. 

                 Vuy               151.15 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        434.91 kN. 

                 Vuz               434.91 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46777e+000,  Lz   = 1.46777e+000,  Lb   = 1.46777e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 891 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2548.99      -404.94      -360.44       -69.93      -159.82 

           ------------------------------------------------------------------------------- 

            TOTAL           -2548.99      -404.94      -360.44       -69.93      -159.82 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2548.99 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.40 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0847 

              Pey    =  (Area*Fy)/Lambda^2       =  2564062.99 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0977 

              Pez    =  (Area*Fy)/Lambda^2       =  1925191.52 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2548.99            -360.44            -159.82 

           ---------------------------------------------------------------- 

            TOTAL           -2548.99            -360.44            -159.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -360.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -159.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1925191.5173 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.468 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9620e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1925191.5173 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.78 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.06 kN. 

           -. phiPn =  phi*Pn  =      16470.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2548.99 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            16470.95 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                360.44 

           -. --------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                159.82 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.077 + [  0.112  +  0.055 ] 

                      =  0.245  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        177.01 kN. 

                 Vuy               177.01 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        383.62 kN. 

                 Vuz               383.62 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46719e+000,  Lz   = 1.46719e+000,  Lb   = 1.46719e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1457.79      -234.96      -601.77       -22.97       -67.58 

           ------------------------------------------------------------------------------- 

            TOTAL           -1457.79      -234.96      -601.77       -22.97       -67.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1457.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.40 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0846 

              Pey    =  (Area*Fy)/Lambda^2       =  2566097.42 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0977 

              Pez    =  (Area*Fy)/Lambda^2       =  1926719.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1457.79            -601.77             -67.58 

           ---------------------------------------------------------------- 

            TOTAL           -1457.79            -601.77             -67.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -601.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -67.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1926719.0461 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.467 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9699e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1926719.0461 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.86 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.12 kN. 

           -. phiPn =  phi*Pn  =      16471.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1457.79 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            16471.01 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                601.77 

           -. --------  =  ---------------  =  0.187  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 67.58 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.187  +  0.023 ] 

                      =  0.255  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        199.50 kN. 

                 Vuy               199.50 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        491.29 kN. 

                 Vuz               491.29 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34448e+000,  Lz   = 1.34448e+000,  Lb   = 1.34448e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1487.80      -609.69     -1288.12       -68.34      -113.25 

           ------------------------------------------------------------------------------- 

            TOTAL           -1487.80      -609.69     -1288.12       -68.34      -113.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1487.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0775 

              Pey    =  (Area*Fy)/Lambda^2       =  3055896.62 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2294478.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1487.80           -1288.12            -113.25 

           ---------------------------------------------------------------- 

            TOTAL           -1487.80           -1288.12            -113.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1288.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -113.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2294478.0515 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1873e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2294478.0515 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.87 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.83 kN. 

           -. phiPn =  phi*Pn  =      16481.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1487.80 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            16481.55 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1288.12 

           -. --------  =  ---------------  =  0.401  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                113.25 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.401  +  0.039 ] 

                      =  0.485  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        122.31 kN. 

                 Vuy               122.31 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        514.48 kN. 

                 Vuz               514.48 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34465e+000,  Lz   = 1.34465e+000,  Lb   = 1.34465e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -996.58     -1102.03        54.20       -83.01      -101.06 

           ------------------------------------------------------------------------------- 

            TOTAL            -996.58     -1102.03        54.20       -83.01      -101.06 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      996.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3055122.54 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2293896.84 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -996.58           -1102.03             -83.01 

           ---------------------------------------------------------------- 

            TOTAL            -996.58           -1102.03             -83.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1102.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -83.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2293896.8423 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1870e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2293896.8423 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.84 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.81 kN. 

           -. phiPn =  phi*Pn  =      16481.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                996.58 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16481.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1102.03 

           -. --------  =  ---------------  =  0.343  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 83.01 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.343  +  0.029 ] 

                      =  0.402  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         43.89 kN. 

                 Vuy                43.89 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1040.02 kN. 

                 Vuz              1040.02 

           -. --------  =  ---------------  =  0.171  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34482e+000,  Lz   = 1.34482e+000,  Lb   = 1.34482e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2619.00     -1111.84      -759.75      -201.70       -93.26 

           ------------------------------------------------------------------------------- 

            TOTAL           -2619.00     -1111.84      -759.75      -201.70       -93.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2619.00 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30275002.04 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4809094.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2619.00           -1111.84            -201.70 

           ---------------------------------------------------------------- 

            TOTAL           -2619.00           -1111.84            -201.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1111.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -201.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 939 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4809094.9656 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0974e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4809094.9656 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.64 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.93 kN. 

           -. phiPn =  phi*Pn  =      19146.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2619.00 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            19146.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1111.84 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                201.70 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.068 + [  0.093  +  0.033 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        142.17 kN. 

                 Vuy               142.17 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        626.00 kN. 

                 Vuz               626.00 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34529e+000,  Lz   = 1.34529e+000,  Lb   = 1.34529e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2620.05      -761.79      -515.60       -93.42       -40.32 

           ------------------------------------------------------------------------------- 

            TOTAL           -2620.05      -761.79      -515.60       -93.42       -40.32 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2620.05 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30253523.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4805683.09 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2620.05            -761.79             -93.42 

           ---------------------------------------------------------------- 

            TOTAL           -2620.05            -761.79             -93.42 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -761.79 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -93.42 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4805683.0878 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0952e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4805683.0878 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.48 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.90 kN. 

           -. phiPn =  phi*Pn  =      19146.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2620.05 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            19146.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.64 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                761.79 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiMny            11939.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 93.42 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.068 + [  0.064  +  0.015 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        102.11 kN. 

                 Vuy               102.11 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        578.47 kN. 

                 Vuz               578.47 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46678e+000,  Lz   = 1.46678e+000,  Lb   = 1.46678e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1923.57             897.78             402.52 

           ---------------------------------------------------------------- 

            TOTAL            1923.57             897.78             402.52 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      897.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      402.52 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1923.57 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                897.78 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiMny            11938.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                402.52 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.075  +  0.066 ] 

                      =  0.174  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        266.20 kN. 

                 Vuy               266.20 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        530.38 kN. 

                 Vuz               530.38 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46676e+000,  Lz   = 1.46676e+000,  Lb   = 1.46676e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       936.18            1674.56              72.14 

           ---------------------------------------------------------------- 

            TOTAL             936.18            1674.56              72.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1674.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       72.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                936.18 

           -. -------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1674.56 

           -. --------  =  ---------------  =  0.140  <  1.000  --->  O.K. 

               phiMny            11938.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 72.14 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.140  +  0.012 ] 

                      =  0.168  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =        243.39 kN. 

                 Vuy               243.39 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        479.00 kN. 

                 Vuz               479.00 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34481e+000,  Lz   = 1.34481e+000,  Lb   = 1.34481e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1494.35     -1309.95     -1932.04       -37.52       -30.01 

           ------------------------------------------------------------------------------- 

            TOTAL           -1494.35     -1309.95     -1932.04       -37.52       -30.01 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1494.35 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30275186.18 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4809124.22 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1494.35           -1932.04             -30.01 

           ---------------------------------------------------------------- 

            TOTAL           -1494.35           -1932.04             -30.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1932.04 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -30.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4809124.2160 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0974e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4809124.2160 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.64 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.93 kN. 

           -. phiPn =  phi*Pn  =      19146.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1494.35 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19146.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1932.04 

           -. --------  =  ---------------  =  0.162  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 30.01 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.162  +  0.005 ] 

                      =  0.206  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         38.65 kN. 

                 Vuy                38.65 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        524.60 kN. 

                 Vuz               524.60 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34431e+000,  Lz   = 1.34431e+000,  Lb   = 1.34431e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1520.62     -1936.86     -2605.18       -29.77       -26.32 

           ------------------------------------------------------------------------------- 

            TOTAL           -1520.62     -1936.86     -2605.18       -29.77       -26.32 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1520.62 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30297852.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4812724.73 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1520.62           -2605.18             -26.32 

           ---------------------------------------------------------------- 

            TOTAL           -1520.62           -2605.18             -26.32 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2605.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -26.32 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4812724.7324 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0997e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4812724.7324 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.81 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.96 kN. 

           -. phiPn =  phi*Pn  =      19146.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1520.62 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19146.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.66 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2605.18 

           -. --------  =  ---------------  =  0.218  <  1.000  --->  O.K. 

               phiMny            11939.66 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 26.32 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.218  +  0.004 ] 

                      =  0.262  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         26.20 kN. 

                 Vuy                26.20 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        568.68 kN. 

                 Vuz               568.68 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 992 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   3074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34500e+000,  Lz   = 1.34500e+000,  Lb   = 1.34500e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1546.39     -2609.91     -3388.22       -26.45       -52.54 

           ------------------------------------------------------------------------------- 

            TOTAL           -1546.39     -2609.91     -3388.22       -26.45       -52.54 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1546.39 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30266734.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4807781.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1546.39           -3388.22             -52.54 

           ---------------------------------------------------------------- 

            TOTAL           -1546.39           -3388.22             -52.54 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3388.22 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -52.54 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4807781.7229 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0965e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4807781.7229 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.58 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.92 kN. 

           -. phiPn =  phi*Pn  =      19146.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1546.39 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19146.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3388.22 

           -. --------  =  ---------------  =  0.284  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 52.54 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.284  +  0.009 ] 

                      =  0.333  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         33.17 kN. 

                 Vuy                33.17 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        613.74 kN. 

                 Vuz               613.74 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34484e+000,  Lz   = 1.34484e+000,  Lb   = 1.34484e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -438.92     -3590.47     -1841.94      -143.58       -31.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -438.92     -3590.47     -1841.94      -143.58       -31.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      438.92 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30274081.36 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4808948.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -438.92           -3590.47            -143.58 

           ---------------------------------------------------------------- 

            TOTAL            -438.92           -3590.47            -143.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3590.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -143.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4808948.7189 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0973e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4808948.7189 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.63 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.93 kN. 

           -. phiPn =  phi*Pn  =      19146.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                438.92 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19146.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3590.47 

           -. --------  =  ---------------  =  0.301  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                143.58 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.301  +  0.024 ] 

                      =  0.336  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        145.03 kN. 

                 Vuy               145.03 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1413.28 kN. 

                 Vuz              1413.28 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46676e+000,  Lz   = 1.46676e+000,  Lb   = 1.46676e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2536.96      -828.98     -1112.70       -28.17      -236.69 

           ------------------------------------------------------------------------------- 

            TOTAL           -2536.96      -828.98     -1112.70       -28.17      -236.69 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2536.96 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.66 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0352 

              Pey    =  (Area*Fy)/Lambda^2       = 25450395.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.67 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0882 

              Pez    =  (Area*Fy)/Lambda^2       =  4042720.45 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2536.96           -1112.70            -236.69 

           ---------------------------------------------------------------- 

            TOTAL           -2536.96           -1112.70            -236.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1112.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -236.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4042720.4517 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.467 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6038e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4042720.4517 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         189.68 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21266.45 kN. 

           -. phiPn =  phi*Pn  =      19139.80 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2536.96 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            19139.80 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1112.70 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiMny            11938.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                236.69 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.093  +  0.039 ] 

                      =  0.198  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1024 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        205.13 kN. 

                 Vuy               205.13 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1464.52 kN. 

                 Vuz              1464.52 

           -. --------  =  ---------------  =  0.122  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46730e+000,  Lz   = 1.46730e+000,  Lb   = 1.46730e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1568.45      -557.63     -2281.90       -93.93       -20.89 

           ------------------------------------------------------------------------------- 

            TOTAL           -1568.45      -557.63     -2281.90       -93.93       -20.89 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1568.45 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.66 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0352 

              Pey    =  (Area*Fy)/Lambda^2       = 25431612.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.68 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0883 

              Pez    =  (Area*Fy)/Lambda^2       =  4039736.71 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1568.45           -2281.90             -20.89 

           ---------------------------------------------------------------- 

            TOTAL           -1568.45           -2281.90             -20.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2281.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -20.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4039736.7141 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.467 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6018e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4039736.7141 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         189.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21266.42 kN. 

           -. phiPn =  phi*Pn  =      19139.77 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1568.45 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19139.77 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2281.90 

           -. --------  =  ---------------  =  0.191  <  1.000  --->  O.K. 

               phiMny            11938.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 20.89 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.191  +  0.003 ] 

                      =  0.236  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        196.17 kN. 

                 Vuy               196.17 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1438.82 kN. 

                 Vuz              1438.82 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34473e+000,  Lz   = 1.34473e+000,  Lb   = 1.34473e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1037 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1594.33     -2278.20     -4048.01       -20.33      -149.73 

           ------------------------------------------------------------------------------- 

            TOTAL           -1594.33     -2278.20     -4048.01       -20.33      -149.73 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1594.33 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30278902.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4809714.62 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1594.33           -4048.01            -149.73 

           ---------------------------------------------------------------- 

            TOTAL           -1594.33           -4048.01            -149.73 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -4048.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -149.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4809714.6186 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0978e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4809714.6186 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.67 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.93 kN. 

           -. phiPn =  phi*Pn  =      19146.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1594.33 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19146.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               4048.01 

           -. --------  =  ---------------  =  0.339  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                149.73 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.339  +  0.025 ] 

                      =  0.405  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        142.32 kN. 

                 Vuy               142.32 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1389.38 kN. 

                 Vuz              1389.38 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34461e+000,  Lz   = 1.34461e+000,  Lb   = 1.34461e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1076.49     -3761.30     -2803.84       -55.83       -28.14 

           ------------------------------------------------------------------------------- 

            TOTAL           -1076.49     -3761.30     -2803.84       -55.83       -28.14 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1076.49 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30284262.13 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4810565.90 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1076.49           -3761.30             -55.83 

           ---------------------------------------------------------------- 

            TOTAL           -1076.49           -3761.30             -55.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3761.30 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -55.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4810565.9045 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0983e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4810565.9045 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.71 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.94 kN. 

           -. phiPn =  phi*Pn  =      19146.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1076.49 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            19146.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3761.30 

           -. --------  =  ---------------  =  0.315  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 55.83 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.315  +  0.009 ] 

                      =  0.352  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         41.01 kN. 

                 Vuy                41.01 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        751.34 kN. 

                 Vuz               751.34 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34385e+000,  Lz   = 1.34385e+000,  Lb   = 1.34385e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1100.81     -2799.44     -1960.65       -27.90       -32.22 

           ------------------------------------------------------------------------------- 

            TOTAL           -1100.81     -2799.44     -1960.65       -27.90       -32.22 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1100.81 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30318504.96 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0808 

              Pez    =  (Area*Fy)/Lambda^2       =  4816005.28 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1100.81           -2799.44             -27.90 

           ---------------------------------------------------------------- 

            TOTAL           -1100.81           -2799.44             -27.90 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2799.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -27.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1063 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4816005.2774 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1018e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4816005.2774 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.96 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.99 kN. 

           -. phiPn =  phi*Pn  =      19146.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1100.81 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            19146.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.66 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2799.44 

           -. --------  =  ---------------  =  0.234  <  1.000  --->  O.K. 

               phiMny            11939.66 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 27.90 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.234  +  0.005 ] 

                      =  0.268  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         20.69 kN. 

                 Vuy                20.69 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        705.62 kN. 

                 Vuz               705.62 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34509e+000,  Lz   = 1.34509e+000,  Lb   = 1.34509e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       547.33            2234.86              51.49 

           ---------------------------------------------------------------- 

            TOTAL             547.33            2234.86              51.49 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1071 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2234.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       51.49 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                547.33 

           -. -------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2234.86 

           -. --------  =  ---------------  =  0.187  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 51.49 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.187  +  0.008 ] 

                      =  0.205  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         40.95 kN. 

                 Vuy                40.95 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        659.70 kN. 

                 Vuz               659.70 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46672e+000,  Lz   = 1.46672e+000,  Lb   = 1.46672e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       570.02            1662.31              54.93 

           ---------------------------------------------------------------- 

            TOTAL             570.02            1662.31              54.93 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1662.31 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       54.93 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                570.02 

           -. -------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1662.31 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiMny            11938.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 54.93 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.139  +  0.009 ] 

                      =  0.158  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        246.99 kN. 

                 Vuy               246.99 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        611.92 kN. 

                 Vuz               611.92 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3083,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46741e+000,  Lz   = 1.46741e+000,  Lb   = 1.46741e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2024.22             901.50             370.50 

           ---------------------------------------------------------------- 

            TOTAL            2024.22             901.50             370.50 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      901.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      370.50 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2024.22 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                901.50 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiMny            11938.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                370.50 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.076  +  0.061 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        258.13 kN. 

                 Vuy               258.13 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        648.65 kN. 

                 Vuz               648.65 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3084,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34442e+000,  Lz   = 1.34442e+000,  Lb   = 1.34442e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2791.94      -417.95      -794.33       -46.18       -85.24 

           ------------------------------------------------------------------------------- 

            TOTAL           -2791.94      -417.95      -794.33       -46.18       -85.24 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2791.94 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30292958.05 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4811947.22 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2791.94            -794.33             -85.24 

           ---------------------------------------------------------------- 

            TOTAL           -2791.94            -794.33             -85.24 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -794.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -85.24 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4811947.2247 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0992e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4811947.2247 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.77 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.95 kN. 

           -. phiPn =  phi*Pn  =      19146.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2791.94 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            19146.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                794.33 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 85.24 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.073 + [  0.067  +  0.014 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         92.16 kN. 

                 Vuy                92.16 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        694.48 kN. 

                 Vuz               694.48 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3085,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34474e+000,  Lz   = 1.34474e+000,  Lb   = 1.34474e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1636.24     -1086.39     -1962.13       -43.43      -153.36 

           ------------------------------------------------------------------------------- 

            TOTAL           -1636.24     -1086.39     -1962.13       -43.43      -153.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1636.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30278367.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4809629.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1636.24           -1962.13            -153.36 

           ---------------------------------------------------------------- 

            TOTAL           -1636.24           -1962.13            -153.36 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1962.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -153.36 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4809629.5066 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0977e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4809629.5066 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.93 kN. 

           -. phiPn =  phi*Pn  =      19146.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1636.24 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19146.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1962.13 

           -. --------  =  ---------------  =  0.164  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                153.36 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1110 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.164  +  0.025 ] 

                      =  0.232  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        128.99 kN. 

                 Vuy               128.99 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        739.60 kN. 

                 Vuz               739.60 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3086,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34510e+000,  Lz   = 1.34510e+000,  Lb   = 1.34510e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1113 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1601.71         2.64     -1153.85      -137.56      -111.22 

           ------------------------------------------------------------------------------- 

            TOTAL           -1601.71         2.64     -1153.85      -137.56      -111.22 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1601.71 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3053055.73 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2292345.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1601.71           -1153.85            -111.22 

           ---------------------------------------------------------------- 

            TOTAL           -1601.71           -1153.85            -111.22 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1153.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -111.22 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2292345.0111 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1862e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2292345.0111 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.76 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.77 kN. 

           -. phiPn =  phi*Pn  =      16481.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1601.71 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            16481.50 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1153.85 

           -. --------  =  ---------------  =  0.359  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                111.22 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.359  +  0.038 ] 

                      =  0.446  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         44.52 kN. 

                 Vuy                44.52 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1122 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1135.16 kN. 

                 Vuz              1135.16 

           -. --------  =  ---------------  =  0.186  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1123 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   3087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34392e+000,  Lz   = 1.34392e+000,  Lb   = 1.34392e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -235.75     -1389.77      -621.68      -118.22       -63.67 

           ------------------------------------------------------------------------------- 

            TOTAL            -235.75     -1389.77      -621.68      -118.22       -63.67 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      235.75 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.86 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0775 

              Pey    =  (Area*Fy)/Lambda^2       =  3058422.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2296374.74 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -235.75           -1389.77            -118.22 

           ---------------------------------------------------------------- 

            TOTAL            -235.75           -1389.77            -118.22 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1389.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -118.22 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2296374.7385 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1883e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2296374.7385 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.88 kN. 

           -. phiPn =  phi*Pn  =      16481.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                235.75 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            16481.59 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1389.77 

           -. --------  =  ---------------  =  0.432  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                118.22 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.432  +  0.041 ] 

                      =  0.480  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         92.68 kN. 

                 Vuy                92.68 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        583.03 kN. 

                 Vuz               583.03 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46756e+000,  Lz   = 1.46756e+000,  Lb   = 1.46756e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1767.39             407.14             196.74 

           ---------------------------------------------------------------- 

            TOTAL            1767.39             407.14             196.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      407.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      196.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1767.39 

           -. -------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                407.14 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                196.74 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.127  +  0.068 ] 

                      =  0.245  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        191.08 kN. 

                 Vuy               191.08 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        578.17 kN. 

                 Vuz               578.17 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46651e+000,  Lz   = 1.46651e+000,  Lb   = 1.46651e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1761.67             546.93              96.90 

           ---------------------------------------------------------------- 

            TOTAL            1761.67             546.93              96.90 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      546.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       96.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1761.67 

           -. -------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                546.93 

           -. --------  =  ---------------  =  0.170  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 96.90 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.170  +  0.033 ] 

                      =  0.254  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        168.23 kN. 

                 Vuy               168.23 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        509.59 kN. 

                 Vuz               509.59 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3090,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34464e+000,  Lz   = 1.34464e+000,  Lb   = 1.34464e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -397.43      -627.52     -1318.29       -28.10      -152.86 

           ------------------------------------------------------------------------------- 

            TOTAL            -397.43      -627.52     -1318.29       -28.10      -152.86 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      397.43 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3055174.92 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2293936.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -397.43           -1318.29            -152.86 

           ---------------------------------------------------------------- 

            TOTAL            -397.43           -1318.29            -152.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1318.29 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -152.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2293936.1725 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1870e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2293936.1725 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.84 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.82 kN. 

           -. phiPn =  phi*Pn  =      16481.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                397.43 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16481.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1318.29 

           -. --------  =  ---------------  =  0.410  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                152.86 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.410  +  0.053 ] 

                      =  0.475  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         96.97 kN. 

                 Vuy                96.97 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        529.89 kN. 

                 Vuz               529.89 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3091,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34534e+000,  Lz   = 1.34534e+000,  Lb   = 1.34534e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -807.44     -1191.75      -266.27       -31.04       -37.56 

           ------------------------------------------------------------------------------- 

            TOTAL            -807.44     -1191.75      -266.27       -31.04       -37.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      807.44 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3051957.62 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2291520.50 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -807.44           -1191.75             -31.04 

           ---------------------------------------------------------------- 

            TOTAL            -807.44           -1191.75             -31.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1191.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -31.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1165 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2291520.5050 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1858e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2291520.5050 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.71 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.75 kN. 

           -. phiPn =  phi*Pn  =      16481.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                807.44 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16481.48 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1191.75 

           -. --------  =  ---------------  =  0.371  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 31.04 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.371  +  0.011 ] 

                      =  0.406  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         54.78 kN. 

                 Vuy                54.78 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        968.21 kN. 

                 Vuz               968.21 

           -. --------  =  ---------------  =  0.159  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   4001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.26849e+000,  Lz   = 3.26849e+000,  Lb   = 3.26849e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -706.56      -153.99      -400.78      -117.27      -261.28 

           ------------------------------------------------------------------------------- 

            TOTAL            -706.56      -153.99      -400.78      -117.27      -261.28 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      706.56 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.93 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0784 

              Pey    =  (Area*Fy)/Lambda^2       =  5125260.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.87 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1966 

              Pez    =  (Area*Fy)/Lambda^2       =   814132.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -706.56            -400.78            -261.28 

           ---------------------------------------------------------------- 

            TOTAL            -706.56            -400.78            -261.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -400.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -261.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  814132.5059 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.268 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2435e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  814132.5059 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21081.16 kN. 

           -. phiPn =  phi*Pn  =      18973.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                706.56 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            18973.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                400.78 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMny            11915.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.32 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.32 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                261.28 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiMnz             6073.32 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.034  +  0.043 ] 

                      =  0.095  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        116.41 kN. 

                 Vuy               116.41 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        208.97 kN. 

                 Vuz               208.97 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59635e+000,  Lz   = 1.59635e+000,  Lb   = 1.59635e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       541.25             404.69             271.57 

           ---------------------------------------------------------------- 

            TOTAL             541.25             404.69             271.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      404.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      271.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                541.25 

           -. -------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                404.69 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMny            11936.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                271.57 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.034  +  0.045 ] 

                      =  0.088  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         85.87 kN. 

                 Vuy                85.87 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        256.66 kN. 

                 Vuz               256.66 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43374e+000,  Lz   = 1.43374e+000,  Lb   = 1.43374e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -252.87      -701.91     -1049.44       -73.25       -73.62 

           ------------------------------------------------------------------------------- 

            TOTAL            -252.87      -701.91     -1049.44       -73.25       -73.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      252.87 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26635965.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0862 

              Pez    =  (Area*Fy)/Lambda^2       =  4231044.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -252.87           -1049.44             -73.62 

           ---------------------------------------------------------------- 

            TOTAL            -252.87           -1049.44             -73.62 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1049.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -73.62 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4231044.7537 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.434 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7251e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4231044.7537 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.54 kN. 

           -. phiPn =  phi*Pn  =      19141.68 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                252.87 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19141.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1049.44 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMny            11938.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 73.62 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.088  +  0.012 ] 

                      =  0.107  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        101.63 kN. 

                 Vuy               101.63 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        293.93 kN. 

                 Vuz               293.93 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43333e+000,  Lz   = 1.43333e+000,  Lb   = 1.43333e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -318.80     -1687.53     -1228.39      -171.10      -197.72 

           ------------------------------------------------------------------------------- 

            TOTAL            -318.80     -1687.53     -1228.39      -171.10      -197.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      318.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26651485.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0862 

              Pez    =  (Area*Fy)/Lambda^2       =  4233509.95 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -318.80           -1687.53            -171.10 

           ---------------------------------------------------------------- 

            TOTAL            -318.80           -1687.53            -171.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1687.53 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -171.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4233509.9547 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.433 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7266e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4233509.9547 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.63 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.56 kN. 

           -. phiPn =  phi*Pn  =      19141.71 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                318.80 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19141.71 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.56 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.56 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1687.53 

           -. --------  =  ---------------  =  0.141  <  1.000  --->  O.K. 

               phiMny            11938.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                171.10 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.141  +  0.028 ] 

                      =  0.178  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         38.25 kN. 

                 Vuy                38.25 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        404.54 kN. 

                 Vuz               404.54 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59647e+000,  Lz   = 1.59647e+000,  Lb   = 1.59647e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -357.46     -1222.97      -983.68      -204.02      -211.62 

           ------------------------------------------------------------------------------- 

            TOTAL            -357.46     -1222.97      -983.68      -204.02      -211.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      357.46 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.90 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0383 

              Pey    =  (Area*Fy)/Lambda^2       = 21482786.20 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0960 

              Pez    =  (Area*Fy)/Lambda^2       =  3412477.36 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -357.46           -1222.97            -204.02 

           ---------------------------------------------------------------- 

            TOTAL            -357.46           -1222.97            -204.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1222.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -204.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3412477.3580 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.596 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1979e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3412477.3580 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         160.11 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21257.78 kN. 

           -. phiPn =  phi*Pn  =      19132.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                357.46 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19132.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1222.97 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMny            11936.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                204.02 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.102  +  0.034 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         87.68 kN. 

                 Vuy                87.68 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        386.34 kN. 

                 Vuz               386.34 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.26875e+000,  Lz   = 3.26875e+000,  Lb   = 3.26875e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -674.74     -1044.77     -2099.14      -281.31      -476.91 

           ------------------------------------------------------------------------------- 

            TOTAL            -674.74     -1044.77     -2099.14      -281.31      -476.91 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      674.74 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.93 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0784 

              Pey    =  (Area*Fy)/Lambda^2       =  5124441.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.87 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1966 

              Pez    =  (Area*Fy)/Lambda^2       =   814002.44 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -674.74           -2099.14            -476.91 

           ---------------------------------------------------------------- 

            TOTAL            -674.74           -2099.14            -476.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2099.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -476.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  814002.4398 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.269 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2427e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  814002.4398 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21081.13 kN. 

           -. phiPn =  phi*Pn  =      18973.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                674.74 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            18973.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.97 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.97 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2099.14 

           -. --------  =  ---------------  =  0.176  <  1.000  --->  O.K. 

               phiMny            11915.97 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.32 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.32 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                476.91 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiMnz             6073.32 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.176  +  0.079 ] 

                      =  0.272  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        247.31 kN. 

                 Vuy               247.31 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        418.09 kN. 

                 Vuz               418.09 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.26833e+000,  Lz   = 3.26833e+000,  Lb   = 3.26833e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -498.25     -1723.76     -1045.83      -322.30      -183.99 

           ------------------------------------------------------------------------------- 

            TOTAL            -498.25     -1723.76     -1045.83      -322.30      -183.99 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      498.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.93 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0783 

              Pey    =  (Area*Fy)/Lambda^2       =  5125777.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.87 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1966 

              Pez    =  (Area*Fy)/Lambda^2       =   814214.59 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -498.25           -1723.76            -322.30 

           ---------------------------------------------------------------- 

            TOTAL            -498.25           -1723.76            -322.30 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1723.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -322.30 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  814214.5902 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.268 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2441e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  814214.5902 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21081.19 kN. 

           -. phiPn =  phi*Pn  =      18973.07 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                498.25 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            18973.07 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1723.76 

           -. --------  =  ---------------  =  0.145  <  1.000  --->  O.K. 

               phiMny            11915.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.32 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.32 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                322.30 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             6073.32 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.145  +  0.053 ] 

                      =  0.211  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        189.32 kN. 

                 Vuy               189.32 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        407.44 kN. 

                 Vuz               407.44 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59653e+000,  Lz   = 1.59653e+000,  Lb   = 1.59653e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -123.74      -981.42     -1405.28      -147.16      -180.42 

           ------------------------------------------------------------------------------- 

            TOTAL            -123.74      -981.42     -1405.28      -147.16      -180.42 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      123.74 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.90 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0383 

              Pey    =  (Area*Fy)/Lambda^2       = 21481134.27 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0960 

              Pez    =  (Area*Fy)/Lambda^2       =  3412214.95 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -123.74           -1405.28            -180.42 

           ---------------------------------------------------------------- 

            TOTAL            -123.74           -1405.28            -180.42 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1405.28 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -180.42 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3412214.9529 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.597 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1977e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3412214.9529 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         160.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21257.78 kN. 

           -. phiPn =  phi*Pn  =      19132.00 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                123.74 

           -. -------  =  ---------------  =     6.47e-003  <  1.000  --->  O.K. 

               phiPn            19132.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1405.28 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny            11936.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                180.42 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.118  +  0.030 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         85.88 kN. 

                 Vuy                85.88 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        383.96 kN. 

                 Vuz               383.96 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43249e+000,  Lz   = 1.43249e+000,  Lb   = 1.43249e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -108.51     -1406.13     -1851.92      -175.49      -159.23 

           ------------------------------------------------------------------------------- 

            TOTAL            -108.51     -1406.13     -1851.92      -175.49      -159.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      108.51 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26682604.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0862 

              Pez    =  (Area*Fy)/Lambda^2       =  4238453.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -108.51           -1851.92            -159.23 

           ---------------------------------------------------------------- 

            TOTAL            -108.51           -1851.92            -159.23 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1851.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -159.23 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4238453.1156 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.432 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7298e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4238453.1156 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.86 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.62 kN. 

           -. phiPn =  phi*Pn  =      19141.76 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                108.51 

           -. -------  =  ---------------  =     5.67e-003  <  1.000  --->  O.K. 

               phiPn            19141.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1851.92 

           -. --------  =  ---------------  =  0.155  <  1.000  --->  O.K. 

               phiMny            11938.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                159.23 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.155  +  0.026 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1264 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         37.90 kN. 

                 Vuy                37.90 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        401.49 kN. 

                 Vuz               401.49 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4086,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43257e+000,  Lz   = 1.43257e+000,  Lb   = 1.43257e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -258.15     -1621.24     -1127.45       -68.74      -104.61 

           ------------------------------------------------------------------------------- 

            TOTAL            -258.15     -1621.24     -1127.45       -68.74      -104.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      258.15 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26679470.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0862 

              Pez    =  (Area*Fy)/Lambda^2       =  4237955.39 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -258.15           -1621.24             -68.74 

           ---------------------------------------------------------------- 

            TOTAL            -258.15           -1621.24             -68.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1621.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -68.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4237955.3891 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.433 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7295e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4237955.3891 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.84 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.61 kN. 

           -. phiPn =  phi*Pn  =      19141.75 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                258.15 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19141.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1621.24 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiMny            11938.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 68.74 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.136  +  0.011 ] 

                      =  0.154  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         48.19 kN. 

                 Vuy                48.19 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        380.72 kN. 

                 Vuz               380.72 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59694e+000,  Lz   = 1.59694e+000,  Lb   = 1.59694e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -335.85     -1138.10      -632.64      -100.31      -176.18 

           ------------------------------------------------------------------------------- 

            TOTAL            -335.85     -1138.10      -632.64      -100.31      -176.18 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      335.85 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.90 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0383 

              Pey    =  (Area*Fy)/Lambda^2       = 21470183.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0961 

              Pez    =  (Area*Fy)/Lambda^2       =  3410475.53 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -335.85           -1138.10            -100.31 

           ---------------------------------------------------------------- 

            TOTAL            -335.85           -1138.10            -100.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1138.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -100.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3410475.5322 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.597 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1966e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3410475.5322 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         160.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21257.75 kN. 

           -. phiPn =  phi*Pn  =      19131.98 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                335.85 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19131.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1138.10 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiMny            11936.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                100.31 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.095  +  0.017 ] 

                      =  0.121  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         82.61 kN. 

                 Vuy                82.61 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        400.49 kN. 

                 Vuz               400.49 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.26889e+000,  Lz   = 3.26889e+000,  Lb   = 3.26889e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -500.55      -496.41     -1435.32      -169.48      -120.04 

           ------------------------------------------------------------------------------- 

            TOTAL            -500.55      -496.41     -1435.32      -169.48      -120.04 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      500.55 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.93 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0784 

              Pey    =  (Area*Fy)/Lambda^2       =  5124005.52 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1966 

              Pez    =  (Area*Fy)/Lambda^2       =   813933.19 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -500.55           -1435.32            -120.04 

           ---------------------------------------------------------------- 

            TOTAL            -500.55           -1435.32            -120.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1435.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -120.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1291 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  813933.1948 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.269 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2422e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  813933.1948 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21081.11 kN. 

           -. phiPn =  phi*Pn  =      18973.00 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                500.55 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            18973.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.97 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.97 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1435.32 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny            11915.97 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.32 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.32 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                120.04 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6073.32 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.120  +  0.020 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         95.15 kN. 

                 Vuy                95.15 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        441.75 kN. 

                 Vuz               441.75 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   5019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50092e+000,  Lz   = 1.50092e+000,  Lb   = 1.50092e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3405.78     -1073.03      -490.90      -180.16       -31.37 

           ------------------------------------------------------------------------------- 

            TOTAL           -3405.78     -1073.03      -490.90      -180.16       -31.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3405.78 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0791 

              Pey    =  (Area*Fy)/Lambda^2       =  3803714.43 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8407249.80 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3405.78           -1073.03            -180.16 

           ---------------------------------------------------------------- 

            TOTAL           -3405.78           -1073.03            -180.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1073.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -180.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3803714.4331 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.501 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3404e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3803714.4331 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.46 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.55 kN. 

           -. phiPn =  phi*Pn  =      19354.09 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3405.78 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            19354.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1073.03 

           -. --------  =  ---------------  =  0.215  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                180.16 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.088 + [  0.215  +  0.027 ] 

                      =  0.330  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        751.20 kN. 

                 Vuy               751.20 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        392.98 kN. 

                 Vuz               392.98 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37560e+000,  Lz   = 1.37560e+000,  Lb   = 1.37560e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3405.22      -491.76      -189.04       -31.04      -119.34 

           ------------------------------------------------------------------------------- 

            TOTAL           -3405.22      -491.76      -189.04       -31.04      -119.34 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3405.22 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4528342.60 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       = 10008876.34 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3405.22            -491.76             -31.04 

           ---------------------------------------------------------------- 

            TOTAL           -3405.22            -491.76             -31.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -491.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -31.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4528342.5992 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1673e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4528342.5992 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         210.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.71 kN. 

           -. phiPn =  phi*Pn  =      19361.44 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3405.22 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            19361.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                491.76 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 31.04 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.088 + [  0.099  +  0.005 ] 

                      =  0.191  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        352.18 kN. 

                 Vuy               352.18 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        288.33 kN. 

                 Vuz               288.33 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37477e+000,  Lz   = 1.37477e+000,  Lb   = 1.37477e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2999.36             486.86             127.90 

           ---------------------------------------------------------------- 

            TOTAL            2999.36             486.86             127.90 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      486.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      127.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2999.36 

           -. -------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                486.86 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                127.90 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.098  +  0.019 ] 

                      =  0.183  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         43.69 kN. 

                 Vuy                43.69 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        187.18 kN. 

                 Vuz               187.18 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz             5326.62 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1327 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   5022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37574e+000,  Lz   = 1.37574e+000,  Lb   = 1.37574e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3002.08             486.25             127.57 

           ---------------------------------------------------------------- 

            TOTAL            3002.08             486.25             127.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      486.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      127.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3002.08 

           -. -------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                486.25 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                127.57 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.097  +  0.019 ] 

                      =  0.183  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        196.09 kN. 

                 Vuy               196.09 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         83.88 kN. 

                 Vuz                83.88 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37587e+000,  Lz   = 1.37587e+000,  Lb   = 1.37587e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3004.79             499.64              80.01 

           ---------------------------------------------------------------- 

            TOTAL            3004.79             499.64              80.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      499.64 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       80.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3004.79 

           -. -------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                499.64 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1338 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 80.01 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.100  +  0.012 ] 

                      =  0.179  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        281.18 kN. 

                 Vuy               281.18 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        104.29 kN. 

                 Vuz               104.29 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50004e+000,  Lz   = 1.50004e+000,  Lb   = 1.50004e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3007.41             372.35              21.93 

           ---------------------------------------------------------------- 

            TOTAL            3007.41             372.35              21.93 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1343 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      372.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       21.93 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3007.41 

           -. -------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                372.35 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiMny             4987.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 21.93 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.075  +  0.003 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        281.61 kN. 

                 Vuy               281.61 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1347 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        208.93 kN. 

                 Vuz               208.93 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5025,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50110e+000,  Lz   = 1.50110e+000,  Lb   = 1.50110e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2796.63             506.44              21.24 

           ---------------------------------------------------------------- 

            TOTAL            2796.63             506.44              21.24 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      506.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       21.24 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2796.63 

           -. -------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                506.44 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 21.24 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.102  +  0.003 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         89.56 kN. 

                 Vuy                89.56 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        235.21 kN. 

                 Vuz               235.21 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5026,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37546e+000,  Lz   = 1.37546e+000,  Lb   = 1.37546e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2800.00             509.56              48.83 

           ---------------------------------------------------------------- 

            TOTAL            2800.00             509.56              48.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      509.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       48.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2800.00 

           -. -------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                509.56 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1359 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 48.83 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.102  +  0.007 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         81.65 kN. 

                 Vuy                81.65 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        154.14 kN. 

                 Vuz               154.14 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5027,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37586e+000,  Lz   = 1.37586e+000,  Lb   = 1.37586e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2802.85             508.86              48.61 

           ---------------------------------------------------------------- 

            TOTAL            2802.85             508.86              48.61 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      508.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       48.61 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2802.85 

           -. -------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                508.86 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 48.61 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.102  +  0.007 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         37.43 kN. 

                 Vuy                37.43 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        207.98 kN. 

                 Vuz               207.98 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5028,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37547e+000,  Lz   = 1.37547e+000,  Lb   = 1.37547e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2805.67             407.25              63.33 

           ---------------------------------------------------------------- 

            TOTAL            2805.67             407.25              63.33 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      407.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       63.33 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2805.67 

           -. -------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                407.25 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 63.33 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.082  +  0.010 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         34.79 kN. 

                 Vuy                34.79 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        292.57 kN. 

                 Vuz               292.57 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5029,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37591e+000,  Lz   = 1.37591e+000,  Lb   = 1.37591e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3491.35      -200.44      -601.69       -63.74       -18.05 

           ------------------------------------------------------------------------------- 

            TOTAL           -3491.35      -200.44      -601.69       -63.74       -18.05 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3491.35 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4526314.19 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       = 10004393.00 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3491.35            -601.69             -18.05 

           ---------------------------------------------------------------- 

            TOTAL           -3491.35            -601.69             -18.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -601.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -18.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4526314.1887 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1650e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4526314.1887 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.69 kN. 

           -. phiPn =  phi*Pn  =      19361.42 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3491.35 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            19361.42 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                601.69 

           -. --------  =  ---------------  =  0.121  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 18.05 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.090 + [  0.121  +  0.003 ] 

                      =  0.214  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         98.40 kN. 

                 Vuy                98.40 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        376.71 kN. 

                 Vuz               376.71 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiVnz             5326.62 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1387 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   5030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50074e+000,  Lz   = 1.50074e+000,  Lb   = 1.50074e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3489.90      -602.44     -1253.12       -18.07      -105.18 

           ------------------------------------------------------------------------------- 

            TOTAL           -3489.90      -602.44     -1253.12       -18.07      -105.18 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3489.90 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0791 

              Pey    =  (Area*Fy)/Lambda^2       =  3804633.18 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8409280.48 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3489.90           -1253.12            -105.18 

           ---------------------------------------------------------------- 

            TOTAL           -3489.90           -1253.12            -105.18 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1253.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -105.18 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3804633.1794 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.501 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3415e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3804633.1794 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.50 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.56 kN. 

           -. phiPn =  phi*Pn  =      19354.10 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3489.90 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            19354.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1253.12 

           -. --------  =  ---------------  =  0.251  <  1.000  --->  O.K. 

               phiMny             4987.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                105.18 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.090 + [  0.251  +  0.016 ] 

                      =  0.357  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        129.69 kN. 

                 Vuy               129.69 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        463.84 kN. 

                 Vuz               463.84 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.30069e+000,  Lz   = 1.30069e+000,  Lb   = 1.30069e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3657.65     -1306.02      -705.05       -82.05       -20.54 

           ------------------------------------------------------------------------------- 

            TOTAL           -3657.65     -1306.02      -705.05       -82.05       -20.54 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3657.65 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0686 

              Pey    =  (Area*Fy)/Lambda^2       =  5064983.64 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.49 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0461 

              Pez    =  (Area*Fy)/Lambda^2       = 11194999.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3657.65           -1306.02             -82.05 

           ---------------------------------------------------------------- 

            TOTAL           -3657.65           -1306.02             -82.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1306.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -82.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5064983.6437 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.301 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.7797e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5064983.6437 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         234.97 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21517.25 kN. 

           -. phiPn =  phi*Pn  =      19365.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3657.65 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19365.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.52 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1406 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1306.02 

           -. --------  =  ---------------  =  0.262  <  1.000  --->  O.K. 

               phiMny             4987.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.46 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 82.05 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6611.46 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.094 + [  0.262  +  0.012 ] 

                      =  0.369  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         76.61 kN. 

                 Vuy                76.61 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        466.55 kN. 

                 Vuz               466.55 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15650e+000,  Lz   = 1.15650e+000,  Lb   = 1.15650e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3659.07      -704.27      -311.04       -20.49       -47.92 

           ------------------------------------------------------------------------------- 

            TOTAL           -3659.07      -704.27      -311.04       -20.49       -47.92 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3659.07 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        4.61 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0610 

              Pey    =  (Area*Fy)/Lambda^2       =  6406690.86 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.10 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0410 

              Pez    =  (Area*Fy)/Lambda^2       = 14160540.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3659.07            -704.27             -20.49 

           ---------------------------------------------------------------- 

            TOTAL           -3659.07            -704.27             -20.49 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -704.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -20.49 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     4.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6406690.8577 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.156 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.3107e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6406690.8577 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         297.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21525.28 kN. 

           -. phiPn =  phi*Pn  =      19372.75 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3659.07 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19372.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.76 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                704.27 

           -. --------  =  ---------------  =  0.141  <  1.000  --->  O.K. 

               phiMny             4987.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.09 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.09 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 20.49 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6612.09 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.094 + [  0.141  +  0.003 ] 

                      =  0.239  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1419 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         77.55 kN. 

                 Vuy                77.55 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        375.16 kN. 

                 Vuz               375.16 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15680e+000,  Lz   = 1.15680e+000,  Lb   = 1.15680e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3660.10      -310.69      -101.29       -48.10       -57.26 

           ------------------------------------------------------------------------------- 

            TOTAL           -3660.10      -310.69      -101.29       -48.10       -57.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3660.10 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        4.61 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0610 

              Pey    =  (Area*Fy)/Lambda^2       =  6403334.76 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.10 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0410 

              Pez    =  (Area*Fy)/Lambda^2       = 14153122.13 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3660.10            -310.69             -48.10 

           ---------------------------------------------------------------- 

            TOTAL           -3660.10            -310.69             -48.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -310.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -48.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     4.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6403334.7645 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.157 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.3069e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1427 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 6403334.7645 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         297.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21525.26 kN. 

           -. phiPn =  phi*Pn  =      19372.74 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3660.10 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19372.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.76 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                310.69 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiMny             4987.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.09 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.09 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 48.10 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6612.09 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.094 + [  0.062  +  0.007 ] 

                      =  0.164  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         30.18 kN. 

                 Vuy                30.18 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        289.42 kN. 

                 Vuz               289.42 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15596e+000,  Lz   = 1.15596e+000,  Lb   = 1.15596e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1432 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2717.50             476.86              35.17 

           ---------------------------------------------------------------- 

            TOTAL            2717.50             476.86              35.17 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      476.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       35.17 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     4.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2717.50 

           -. -------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.76 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                476.86 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny             4987.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.09 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.09 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 35.17 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6612.09 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.096  +  0.005 ] 

                      =  0.161  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         39.39 kN. 

                 Vuy                39.39 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        204.02 kN. 

                 Vuz               204.02 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             5326.62 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1438 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   5035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15621e+000,  Lz   = 1.15621e+000,  Lb   = 1.15621e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1439 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2714.88             544.94              12.54 

           ---------------------------------------------------------------- 

            TOTAL            2714.88             544.94              12.54 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      544.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       12.54 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     4.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2714.88 

           -. -------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.76 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                544.94 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny             4987.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.09 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.09 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 12.54 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiMnz             6612.09 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.109  +  0.002 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         83.84 kN. 

                 Vuy                83.84 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1444 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        123.96 kN. 

                 Vuz               123.96 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.30129e+000,  Lz   = 1.30129e+000,  Lb   = 1.30129e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2711.97             554.03              89.70 

           ---------------------------------------------------------------- 

            TOTAL            2711.97             554.03              89.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      554.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       89.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2711.97 

           -. -------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                554.03 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny             4987.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.45 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 89.70 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6611.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.111  +  0.014 ] 

                      =  0.185  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         62.61 kN. 

                 Vuy                62.61 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        132.64 kN. 

                 Vuz               132.64 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.30147e+000,  Lz   = 1.30147e+000,  Lb   = 1.30147e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2620.33             550.07              93.68 

           ---------------------------------------------------------------- 

            TOTAL            2620.33             550.07              93.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      550.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       93.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2620.33 

           -. -------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                550.07 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny             4987.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.45 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 93.68 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6611.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.110  +  0.014 ] 

                      =  0.182  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         65.21 kN. 

                 Vuy                65.21 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        131.21 kN. 

                 Vuz               131.21 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz             5326.62 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1459 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   5038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15614e+000,  Lz   = 1.15614e+000,  Lb   = 1.15614e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2618.47             562.09              13.08 

           ---------------------------------------------------------------- 

            TOTAL            2618.47             562.09              13.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      562.09 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       13.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     4.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2618.47 

           -. -------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.76 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                562.09 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny             4987.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.09 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.09 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 13.08 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiMnz             6612.09 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.113  +  0.002 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         78.21 kN. 

                 Vuy                78.21 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        128.25 kN. 

                 Vuz               128.25 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15667e+000,  Lz   = 1.15667e+000,  Lb   = 1.15667e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2616.61             508.80              37.17 

           ---------------------------------------------------------------- 

            TOTAL            2616.61             508.80              37.17 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      508.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       37.17 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     4.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2616.61 

           -. -------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.76 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                508.80 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMny             4987.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.09 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.09 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 37.17 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6612.09 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.102  +  0.006 ] 

                      =  0.165  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1471 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         43.43 kN. 

                 Vuy                43.43 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        195.79 kN. 

                 Vuz               195.79 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15620e+000,  Lz   = 1.15620e+000,  Lb   = 1.15620e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1474 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3690.71       -78.80      -219.20       -58.89       -55.76 

           ------------------------------------------------------------------------------- 

            TOTAL           -3690.71       -78.80      -219.20       -58.89       -55.76 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3690.71 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        4.61 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0609 

              Pey    =  (Area*Fy)/Lambda^2       =  6409964.16 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.10 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0410 

              Pez    =  (Area*Fy)/Lambda^2       = 14167774.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3690.71            -219.20             -55.76 

           ---------------------------------------------------------------- 

            TOTAL           -3690.71            -219.20             -55.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -219.20 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -55.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     4.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6409964.1598 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.156 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.3144e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6409964.1598 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         297.37 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21525.30 kN. 

           -. phiPn =  phi*Pn  =      19372.77 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3690.71 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19372.77 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.76 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                219.20 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMny             4987.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.09 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.09 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 55.76 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6612.09 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.095 + [  0.044  +  0.008 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         23.89 kN. 

                 Vuy                23.89 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        269.42 kN. 

                 Vuz               269.42 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.15665e+000,  Lz   = 1.15665e+000,  Lb   = 1.15665e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3691.79      -218.83      -596.60       -56.02       -19.15 

           ------------------------------------------------------------------------------- 

            TOTAL           -3691.79      -218.83      -596.60       -56.02       -19.15 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3691.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        4.61 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0610 

              Pey    =  (Area*Fy)/Lambda^2       =  6404981.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.10 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0410 

              Pez    =  (Area*Fy)/Lambda^2       = 14156761.32 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3691.79            -596.60             -19.15 

           ---------------------------------------------------------------- 

            TOTAL           -3691.79            -596.60             -19.15 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -596.60 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -19.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     4.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6404981.2524 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.157 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.3087e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6404981.2524 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         297.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21525.27 kN. 

           -. phiPn =  phi*Pn  =      19372.74 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3691.79 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19372.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.76 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                596.60 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny             4987.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.09 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.09 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 19.15 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6612.09 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.095 + [  0.120  +  0.003 ] 

                      =  0.218  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         73.31 kN. 

                 Vuy                73.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        355.71 kN. 

                 Vuz               355.71 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.30055e+000,  Lz   = 1.30055e+000,  Lb   = 1.30055e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3693.18      -595.75     -1170.54       -19.45       -76.61 

           ------------------------------------------------------------------------------- 

            TOTAL           -3693.18      -595.75     -1170.54       -19.45       -76.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3693.18 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0686 

              Pey    =  (Area*Fy)/Lambda^2       =  5066049.68 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.49 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0461 

              Pez    =  (Area*Fy)/Lambda^2       = 11197356.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3693.18           -1170.54             -76.61 

           ---------------------------------------------------------------- 

            TOTAL           -3693.18           -1170.54             -76.61 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1170.54 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -76.61 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5066049.6837 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.301 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.7809e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5066049.6837 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21517.26 kN. 

           -. phiPn =  phi*Pn  =      19365.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3693.18 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19365.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1170.54 

           -. --------  =  ---------------  =  0.235  <  1.000  --->  O.K. 

               phiMny             4987.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.46 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 76.61 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6611.46 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.095 + [  0.235  +  0.012 ] 

                      =  0.342  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        100.37 kN. 

                 Vuy               100.37 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        446.38 kN. 

                 Vuz               446.38 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40198e+000,  Lz   = 1.40198e+000,  Lb   = 1.40198e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3746.91     -1212.87      -584.55       -70.64       -24.92 

           ------------------------------------------------------------------------------- 

            TOTAL           -3746.91     -1212.87      -584.55       -70.64       -24.92 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3746.91 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0739 

              Pey    =  (Area*Fy)/Lambda^2       =  4359541.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.76 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0497 

              Pez    =  (Area*Fy)/Lambda^2       =  9635778.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3746.91           -1212.87             -70.64 

           ---------------------------------------------------------------- 

            TOTAL           -3746.91           -1212.87             -70.64 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1212.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -70.64 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4359541.0886 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.402 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.9747e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4359541.0886 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         202.25 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21511.05 kN. 

           -. phiPn =  phi*Pn  =      19359.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3746.91 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19359.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1212.87 

           -. --------  =  ---------------  =  0.243  <  1.000  --->  O.K. 

               phiMny             4987.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.01 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.01 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 70.64 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6611.01 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.097 + [  0.243  +  0.011 ] 

                      =  0.351  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         83.76 kN. 

                 Vuy                83.76 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        452.93 kN. 

                 Vuz               452.93 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.17617e+000,  Lz   = 1.17617e+000,  Lb   = 1.17617e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3749.36      -583.54      -226.08       -25.43       -48.53 

           ------------------------------------------------------------------------------- 

            TOTAL           -3749.36      -583.54      -226.08       -25.43       -48.53 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3749.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        4.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0620 

              Pey    =  (Area*Fy)/Lambda^2       =  6194156.60 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0417 

              Pez    =  (Area*Fy)/Lambda^2       = 13690781.14 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3749.36            -583.54             -25.43 

           ---------------------------------------------------------------- 

            TOTAL           -3749.36            -583.54             -25.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -583.54 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -25.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     4.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6194156.5979 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.176 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.0682e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6194156.5979 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         287.36 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21524.24 kN. 

           -. phiPn =  phi*Pn  =      19371.82 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3749.36 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19371.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.73 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                583.54 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny             4987.73 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.00 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.00 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 25.43 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             6612.00 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.097 + [  0.117  +  0.004 ] 

                      =  0.218  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         46.08 kN. 

                 Vuy                46.08 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        357.60 kN. 

                 Vuz               357.60 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.17587e+000,  Lz   = 1.17587e+000,  Lb   = 1.17587e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3751.62      -225.59       -47.67       -48.89       -40.88 

           ------------------------------------------------------------------------------- 

            TOTAL           -3751.62      -225.59       -47.67       -48.89       -40.88 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3751.62 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        4.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0620 

              Pey    =  (Area*Fy)/Lambda^2       =  6197382.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.15 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0417 

              Pez    =  (Area*Fy)/Lambda^2       = 13697910.41 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3751.62            -225.59             -48.89 

           ---------------------------------------------------------------- 

            TOTAL           -3751.62            -225.59             -48.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -225.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -48.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     4.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6197382.1121 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.176 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.0718e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6197382.1121 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         287.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21524.26 kN. 

           -. phiPn =  phi*Pn  =      19371.83 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3751.62 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19371.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.73 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                225.59 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMny             4987.73 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.00 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.00 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 48.89 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6612.00 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.097 + [  0.045  +  0.007 ] 

                      =  0.149  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         14.75 kN. 

                 Vuy                14.75 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        270.52 kN. 

                 Vuz               270.52 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.17563e+000,  Lz   = 1.17563e+000,  Lb   = 1.17563e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2487.92             493.30              21.35 

           ---------------------------------------------------------------- 

            TOTAL            2487.92             493.30              21.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      493.30 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       21.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     4.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2487.92 

           -. -------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.73 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                493.30 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny             4987.73 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.01 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.01 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 21.35 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6612.01 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.099  +  0.003 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         46.25 kN. 

                 Vuy                46.25 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        192.32 kN. 

                 Vuz               192.32 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40172e+000,  Lz   = 1.40172e+000,  Lb   = 1.40172e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2484.30             584.39              69.04 

           ---------------------------------------------------------------- 

            TOTAL            2484.30             584.39              69.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      584.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       69.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2484.30 

           -. -------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                584.39 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny             4987.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.01 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.01 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 69.04 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6611.01 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.117  +  0.010 ] 

                      =  0.183  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         54.63 kN. 

                 Vuy                54.63 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        129.04 kN. 

                 Vuz               129.04 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40149e+000,  Lz   = 1.40149e+000,  Lb   = 1.40149e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2469.77             572.01              74.41 

           ---------------------------------------------------------------- 

            TOTAL            2469.77             572.01              74.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      572.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       74.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2469.77 

           -. -------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                572.01 

           -. --------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiMny             4987.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.01 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.01 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 74.41 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6611.01 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.115  +  0.011 ] 

                      =  0.181  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         52.88 kN. 

                 Vuy                52.88 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1559 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        118.65 kN. 

                 Vuz               118.65 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.17619e+000,  Lz   = 1.17619e+000,  Lb   = 1.17619e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2466.61             503.75              19.99 

           ---------------------------------------------------------------- 

            TOTAL            2466.61             503.75              19.99 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      503.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       19.99 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     4.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2466.61 

           -. -------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.73 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                503.75 

           -. --------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiMny             4987.73 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.00 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.00 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 19.99 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6612.00 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.101  +  0.003 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         45.66 kN. 

                 Vuy                45.66 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        178.75 kN. 

                 Vuz               178.75 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.17611e+000,  Lz   = 1.17611e+000,  Lb   = 1.17611e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3744.12       -68.44      -208.02       -41.04       -44.04 

           ------------------------------------------------------------------------------- 

            TOTAL           -3744.12       -68.44      -208.02       -41.04       -44.04 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3744.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        4.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0620 

              Pey    =  (Area*Fy)/Lambda^2       =  6194832.78 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0417 

              Pez    =  (Area*Fy)/Lambda^2       = 13692275.69 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3744.12            -208.02             -44.04 

           ---------------------------------------------------------------- 

            TOTAL           -3744.12            -208.02             -44.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -208.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -44.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     4.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1571 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6194832.7816 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.176 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.0689e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6194832.7816 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         287.39 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21524.24 kN. 

           -. phiPn =  phi*Pn  =      19371.82 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3744.12 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19371.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.73 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                208.02 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiMny             4987.73 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.00 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.00 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 44.04 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6612.00 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.097 + [  0.042  +  0.007 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         10.53 kN. 

                 Vuy                10.53 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        263.91 kN. 

                 Vuz               263.91 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.17616e+000,  Lz   = 1.17616e+000,  Lb   = 1.17616e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3746.38      -207.49      -552.51       -44.04       -20.51 

           ------------------------------------------------------------------------------- 

            TOTAL           -3746.38      -207.49      -552.51       -44.04       -20.51 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3746.38 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        4.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0620 

              Pey    =  (Area*Fy)/Lambda^2       =  6194277.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0417 

              Pez    =  (Area*Fy)/Lambda^2       = 13691048.35 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3746.38            -552.51             -20.51 

           ---------------------------------------------------------------- 

            TOTAL           -3746.38            -552.51             -20.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -552.51 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -20.51 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     4.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6194277.4941 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.176 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.0683e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1585 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 6194277.4941 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         287.36 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21524.24 kN. 

           -. phiPn =  phi*Pn  =      19371.82 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3746.38 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19371.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.73 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                552.51 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny             4987.73 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6612.00 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6612.00 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6612.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 20.51 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6612.00 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.097 + [  0.111  +  0.003 ] 

                      =  0.211  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         43.63 kN. 

                 Vuy                43.63 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        350.61 kN. 

                 Vuz               350.61 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40141e+000,  Lz   = 1.40141e+000,  Lb   = 1.40141e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3748.36      -551.49     -1170.00       -21.15       -64.56 

           ------------------------------------------------------------------------------- 

            TOTAL           -3748.36      -551.49     -1170.00       -21.15       -64.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3748.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0739 

              Pey    =  (Area*Fy)/Lambda^2       =  4363092.75 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.76 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0497 

              Pez    =  (Area*Fy)/Lambda^2       =  9643628.95 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3748.36           -1170.00             -64.56 

           ---------------------------------------------------------------- 

            TOTAL           -3748.36           -1170.00             -64.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1170.00 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -64.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4363092.7472 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.401 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.9787e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4363092.7472 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         202.41 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21511.09 kN. 

           -. phiPn =  phi*Pn  =      19359.98 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3748.36 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19359.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1170.00 

           -. --------  =  ---------------  =  0.235  <  1.000  --->  O.K. 

               phiMny             4987.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.01 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.01 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 64.56 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6611.01 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.097 + [  0.235  +  0.010 ] 

                      =  0.341  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         57.74 kN. 

                 Vuy                57.74 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        446.53 kN. 

                 Vuz               446.53 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50171e+000,  Lz   = 1.50171e+000,  Lb   = 1.50171e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3640.93     -1230.21      -596.18      -111.69       -20.12 

           ------------------------------------------------------------------------------- 

            TOTAL           -3640.93     -1230.21      -596.18      -111.69       -20.12 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3640.93 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3799710.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8398399.43 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3640.93           -1230.21            -111.69 

           ---------------------------------------------------------------- 

            TOTAL           -3640.93           -1230.21            -111.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1230.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -111.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3799710.2391 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3359e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3799710.2391 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.27 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.49 kN. 

           -. phiPn =  phi*Pn  =      19354.04 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3640.93 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19354.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1230.21 

           -. --------  =  ---------------  =  0.247  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                111.69 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.094 + [  0.247  +  0.017 ] 

                      =  0.358  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         97.49 kN. 

                 Vuy                97.49 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        470.03 kN. 

                 Vuz               470.03 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37578e+000,  Lz   = 1.37578e+000,  Lb   = 1.37578e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3643.07      -595.18      -205.57       -20.16       -64.20 

           ------------------------------------------------------------------------------- 

            TOTAL           -3643.07      -595.18      -205.57       -20.16       -64.20 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3643.07 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4527158.34 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       = 10006258.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3643.07            -595.18             -20.16 

           ---------------------------------------------------------------- 

            TOTAL           -3643.07            -595.18             -20.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -595.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -20.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4527158.3416 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1660e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4527158.3416 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         210.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.70 kN. 

           -. phiPn =  phi*Pn  =      19361.43 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3643.07 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19361.43 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                595.18 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 20.16 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.094 + [  0.119  +  0.003 ] 

                      =  0.216  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         78.86 kN. 

                 Vuy                78.86 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        381.99 kN. 

                 Vuz               381.99 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37609e+000,  Lz   = 1.37609e+000,  Lb   = 1.37609e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2819.07             434.12              69.15 

           ---------------------------------------------------------------- 

            TOTAL            2819.07             434.12              69.15 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1624 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      434.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       69.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2819.07 

           -. -------  =  ---------------  =  0.125  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                434.12 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 69.15 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.087  +  0.010 ] 

                      =  0.160  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         30.89 kN. 

                 Vuy                30.89 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        297.29 kN. 

                 Vuz               297.29 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37645e+000,  Lz   = 1.37645e+000,  Lb   = 1.37645e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2814.54             512.23              52.81 

           ---------------------------------------------------------------- 

            TOTAL            2814.54             512.23              52.81 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      512.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       52.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2814.54 

           -. -------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                512.23 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 52.81 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.103  +  0.008 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         29.54 kN. 

                 Vuy                29.54 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        211.47 kN. 

                 Vuz               211.47 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37689e+000,  Lz   = 1.37689e+000,  Lb   = 1.37689e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2810.34             513.45              53.14 

           ---------------------------------------------------------------- 

            TOTAL            2810.34             513.45              53.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      513.45 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       53.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2810.34 

           -. -------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                513.45 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 53.14 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.103  +  0.008 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         67.41 kN. 

                 Vuy                67.41 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        158.74 kN. 

                 Vuz               158.74 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50075e+000,  Lz   = 1.50075e+000,  Lb   = 1.50075e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2805.35             488.12              23.43 

           ---------------------------------------------------------------- 

            TOTAL            2805.35             488.12              23.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      488.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       23.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2805.35 

           -. -------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                488.12 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny             4987.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 23.43 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.098  +  0.004 ] 

                      =  0.163  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         85.48 kN. 

                 Vuy                85.48 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        238.48 kN. 

                 Vuz               238.48 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50146e+000,  Lz   = 1.50146e+000,  Lb   = 1.50146e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2997.58             394.21              21.75 

           ---------------------------------------------------------------- 

            TOTAL            2997.58             394.21              21.75 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      394.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       21.75 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2997.58 

           -. -------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                394.21 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 21.75 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.079  +  0.003 ] 

                      =  0.149  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        195.31 kN. 

                 Vuy               195.31 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        204.68 kN. 

                 Vuz               204.68 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37680e+000,  Lz   = 1.37680e+000,  Lb   = 1.37680e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2993.36             511.93             102.60 

           ---------------------------------------------------------------- 

            TOTAL            2993.36             511.93             102.60 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1659 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      511.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      102.60 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2993.36 

           -. -------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                511.93 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                102.60 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.103  +  0.016 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        183.51 kN. 

                 Vuy               183.51 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1663 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         98.95 kN. 

                 Vuz                98.95 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37652e+000,  Lz   = 1.37652e+000,  Lb   = 1.37652e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2989.10             495.02             169.39 

           ---------------------------------------------------------------- 

            TOTAL            2989.10             495.02             169.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      495.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      169.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2989.10 

           -. -------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                495.02 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                169.39 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.099  +  0.026 ] 

                      =  0.191  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        124.25 kN. 

                 Vuy               124.25 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =         90.40 kN. 

                 Vuz                90.40 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37630e+000,  Lz   = 1.37630e+000,  Lb   = 1.37630e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2985.16             496.12             170.09 

           ---------------------------------------------------------------- 

            TOTAL            2985.16             496.12             170.09 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      496.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      170.09 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2985.16 

           -. -------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                496.12 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                170.09 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.099  +  0.026 ] 

                      =  0.191  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         30.35 kN. 

                 Vuy                30.35 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        177.51 kN. 

                 Vuz               177.51 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37619e+000,  Lz   = 1.37619e+000,  Lb   = 1.37619e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3369.00      -184.54      -475.70      -160.82       -33.68 

           ------------------------------------------------------------------------------- 

            TOTAL           -3369.00      -184.54      -475.70      -160.82       -33.68 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3369.00 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4524485.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       = 10000351.92 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3369.00            -475.70             -33.68 

           ---------------------------------------------------------------- 

            TOTAL           -3369.00            -475.70             -33.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -475.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -33.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4524485.8722 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1629e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4524485.8722 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.90 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.67 kN. 

           -. phiPn =  phi*Pn  =      19361.41 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3369.00 

           -. -------  =  ---------------  =          0.17  <  1.000  --->  O.K. 

               phiPn            19361.41 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                475.70 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 33.68 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.087 + [  0.095  +  0.005 ] 

                      =  0.187  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        232.47 kN. 

                 Vuy               232.47 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        278.40 kN. 

                 Vuz               278.40 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50107e+000,  Lz   = 1.50107e+000,  Lb   = 1.50107e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3370.05      -474.31     -1043.34       -33.98      -260.97 

           ------------------------------------------------------------------------------- 

            TOTAL           -3370.05      -474.31     -1043.34       -33.98      -260.97 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3370.05 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0791 

              Pey    =  (Area*Fy)/Lambda^2       =  3802946.34 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8405552.10 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3370.05           -1043.34            -260.97 

           ---------------------------------------------------------------- 

            TOTAL           -3370.05           -1043.34            -260.97 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1043.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -260.97 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3802946.3371 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.501 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3396e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1696 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3802946.3371 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.42 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.54 kN. 

           -. phiPn =  phi*Pn  =      19354.08 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3370.05 

           -. -------  =  ---------------  =          0.17  <  1.000  --->  O.K. 

               phiPn            19354.08 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1043.34 

           -. --------  =  ---------------  =  0.209  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                260.97 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.087 + [  0.209  +  0.039 ] 

                      =  0.336  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        537.33 kN. 

                 Vuy               537.33 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        384.14 kN. 

                 Vuz               384.14 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50098e+000,  Lz   = 1.50098e+000,  Lb   = 1.50098e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3426.24      -957.14      -479.78      -143.83       -45.49 

           ------------------------------------------------------------------------------- 

            TOTAL           -3426.24      -957.14      -479.78      -143.83       -45.49 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3426.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0791 

              Pey    =  (Area*Fy)/Lambda^2       =  3803410.53 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8406578.10 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3426.24            -957.14            -143.83 

           ---------------------------------------------------------------- 

            TOTAL           -3426.24            -957.14            -143.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -957.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -143.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1705 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3803410.5338 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.501 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3401e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3803410.5338 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.45 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.54 kN. 

           -. phiPn =  phi*Pn  =      19354.09 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3426.24 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            19354.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                957.14 

           -. --------  =  ---------------  =  0.192  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                143.83 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.089 + [  0.192  +  0.022 ] 

                      =  0.302  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        278.41 kN. 

                 Vuy               278.41 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        361.19 kN. 

                 Vuz               361.19 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5090,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37499e+000,  Lz   = 1.37499e+000,  Lb   = 1.37499e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3427.81      -479.48      -265.81       -45.54       -79.78 

           ------------------------------------------------------------------------------- 

            TOTAL           -3427.81      -479.48      -265.81       -45.54       -79.78 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3427.81 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4532373.71 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       = 10017786.21 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3427.81            -479.48             -45.54 

           ---------------------------------------------------------------- 

            TOTAL           -3427.81            -479.48             -45.54 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -479.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -45.54 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4532373.7135 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.375 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1719e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4532373.7135 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         210.26 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.75 kN. 

           -. phiPn =  phi*Pn  =      19361.47 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3427.81 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            19361.47 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                479.48 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 45.54 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.089 + [  0.096  +  0.007 ] 

                      =  0.192  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1721 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        127.61 kN. 

                 Vuy               127.61 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        271.25 kN. 

                 Vuz               271.25 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5091,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37570e+000,  Lz   = 1.37570e+000,  Lb   = 1.37570e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2544.86             482.73              83.92 

           ---------------------------------------------------------------- 

            TOTAL            2544.86             482.73              83.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      482.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       83.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2544.86 

           -. -------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                482.73 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 83.92 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.097  +  0.013 ] 

                      =  0.166  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         34.07 kN. 

                 Vuy                34.07 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        185.55 kN. 

                 Vuz               185.55 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5092,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37587e+000,  Lz   = 1.37587e+000,  Lb   = 1.37587e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1730 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2542.73             399.32              98.14 

           ---------------------------------------------------------------- 

            TOTAL            2542.73             399.32              98.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      399.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       98.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2542.73 

           -. -------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                399.32 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 98.14 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.080  +  0.015 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         94.50 kN. 

                 Vuy                94.50 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        210.21 kN. 

                 Vuz               210.21 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5093,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37484e+000,  Lz   = 1.37484e+000,  Lb   = 1.37484e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3432.66      -106.51      -341.82       -65.62       -14.17 

           ------------------------------------------------------------------------------- 

            TOTAL           -3432.66      -106.51      -341.82       -65.62       -14.17 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3432.66 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4533344.84 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0487 

              Pez    =  (Area*Fy)/Lambda^2       = 10019932.66 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3432.66            -341.82             -14.17 

           ---------------------------------------------------------------- 

            TOTAL           -3432.66            -341.82             -14.17 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -341.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -14.17 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4533344.8394 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.375 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1730e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4533344.8394 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         210.31 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.76 kN. 

           -. phiPn =  phi*Pn  =      19361.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3432.66 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            19361.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                341.82 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 14.17 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.089 + [  0.069  +  0.002 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        147.74 kN. 

                 Vuy               147.74 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        289.22 kN. 

                 Vuz               289.22 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5094,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50070e+000,  Lz   = 1.50070e+000,  Lb   = 1.50070e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3433.79      -341.14      -894.65       -14.08      -131.26 

           ------------------------------------------------------------------------------- 

            TOTAL           -3433.79      -341.14      -894.65       -14.08      -131.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3433.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0791 

              Pey    =  (Area*Fy)/Lambda^2       =  3804857.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8409777.10 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3433.79            -894.65            -131.26 

           ---------------------------------------------------------------- 

            TOTAL           -3433.79            -894.65            -131.26 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -894.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -131.26 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3804857.8669 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.501 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3417e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3804857.8669 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.56 kN. 

           -. phiPn =  phi*Pn  =      19354.11 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3433.79 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            19354.11 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                894.65 

           -. --------  =  ---------------  =  0.179  <  1.000  --->  O.K. 

               phiMny             4987.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                131.26 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.089 + [  0.179  +  0.020 ] 

                      =  0.288  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        186.24 kN. 

                 Vuy               186.24 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        393.03 kN. 

                 Vuz               393.03 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5095,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.55111e+000,  Lz   = 1.55111e+000,  Lb   = 1.55111e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -369.22     -1303.99      -690.76       -51.00       -15.96 

           ------------------------------------------------------------------------------- 

            TOTAL            -369.22     -1303.99      -690.76       -51.00       -15.96 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      369.22 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0818 

              Pey    =  (Area*Fy)/Lambda^2       =  3561543.82 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0550 

              Pez    =  (Area*Fy)/Lambda^2       =  7871986.48 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -369.22           -1303.99             -51.00 

           ---------------------------------------------------------------- 

            TOTAL            -369.22           -1303.99             -51.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1303.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -51.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3561543.8211 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.551 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.0641e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3561543.8211 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         165.23 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21501.08 kN. 

           -. phiPn =  phi*Pn  =      19350.97 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                369.22 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19350.97 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.10 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.10 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1303.99 

           -. --------  =  ---------------  =  0.261  <  1.000  --->  O.K. 

               phiMny             4987.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.36 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 51.00 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6610.36 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.261  +  0.008 ] 

                      =  0.279  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         58.03 kN. 

                 Vuy                58.03 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        407.10 kN. 

                 Vuz               407.10 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5096,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46016e+000,  Lz   = 1.46016e+000,  Lb   = 1.46016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2878.65      -504.72      -381.41       -23.11       -23.61 

           ------------------------------------------------------------------------------- 

            TOTAL           -2878.65      -504.72      -381.41       -23.11       -23.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2878.65 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.82 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0770 

              Pey    =  (Area*Fy)/Lambda^2       =  4019049.39 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.92 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0518 

              Pez    =  (Area*Fy)/Lambda^2       =  8883198.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2878.65            -504.72             -23.11 

           ---------------------------------------------------------------- 

            TOTAL           -2878.65            -504.72             -23.11 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -504.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -23.11 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4019049.3862 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.460 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.5861e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4019049.3862 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         186.45 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21507.28 kN. 

           -. phiPn =  phi*Pn  =      19356.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2878.65 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            19356.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.25 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.25 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                504.72 

           -. --------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiMny             4987.25 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 23.11 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6610.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.074 + [  0.101  +  0.003 ] 

                      =  0.179  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1779 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         15.97 kN. 

                 Vuy                15.97 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        311.53 kN. 

                 Vuz               311.53 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5097,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.55060e+000,  Lz   = 1.55060e+000,  Lb   = 1.55060e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1781 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1773.99             751.94              49.82 

           ---------------------------------------------------------------- 

            TOTAL            1773.99             751.94              49.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      751.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       49.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1773.99 

           -. -------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.10 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.10 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                751.94 

           -. --------  =  ---------------  =  0.151  <  1.000  --->  O.K. 

               phiMny             4987.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.36 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 49.82 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6610.36 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.151  +  0.008 ] 

                      =  0.198  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         51.06 kN. 

                 Vuy                51.06 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        223.86 kN. 

                 Vuz               223.86 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   6001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.27933e+000,  Lz   = 3.27933e+000,  Lb   = 3.27933e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -624.09      -137.76      -524.17       -90.78      -233.41 

           ------------------------------------------------------------------------------- 

            TOTAL            -624.09      -137.76      -524.17       -90.78      -233.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      624.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.95 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0786 

              Pey    =  (Area*Fy)/Lambda^2       =  5091426.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.92 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1972 

              Pez    =  (Area*Fy)/Lambda^2       =   808758.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -624.09            -524.17            -233.41 

           ---------------------------------------------------------------- 

            TOTAL            -624.09            -524.17            -233.41 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1790 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -524.17 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -233.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  808758.0674 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.279 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2089e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  808758.0674 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          37.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21079.63 kN. 

           -. phiPn =  phi*Pn  =      18971.67 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                624.09 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            18971.67 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                524.17 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMny            11915.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.31 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.31 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                233.41 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMnz             6073.31 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.044  +  0.038 ] 

                      =  0.099  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        124.35 kN. 

                 Vuy               124.35 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        204.19 kN. 

                 Vuz               204.19 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63804e+000,  Lz   = 1.63804e+000,  Lb   = 1.63804e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -482.40      -483.81      -833.05      -238.13      -166.28 

           ------------------------------------------------------------------------------- 

            TOTAL            -482.40      -483.81      -833.05      -238.13      -166.28 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      482.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0393 

              Pey    =  (Area*Fy)/Lambda^2       = 20406103.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.45 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0985 

              Pez    =  (Area*Fy)/Lambda^2       =  3241449.44 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -482.40            -833.05            -166.28 

           ---------------------------------------------------------------- 

            TOTAL            -482.40            -833.05            -166.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -833.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -166.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3241449.4391 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.638 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0877e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1805 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3241449.4391 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         152.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21254.85 kN. 

           -. phiPn =  phi*Pn  =      19129.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                482.40 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19129.37 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.04 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                833.05 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiMny            11936.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                166.28 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             6075.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.070  +  0.027 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         65.09 kN. 

                 Vuy                65.09 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        252.47 kN. 

                 Vuz               252.47 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48702e+000,  Lz   = 1.48702e+000,  Lb   = 1.48702e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -425.01      -755.64     -1151.86      -168.75      -165.87 

           ------------------------------------------------------------------------------- 

            TOTAL            -425.01      -755.64     -1151.86      -168.75      -165.87 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      425.01 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0356 

              Pey    =  (Area*Fy)/Lambda^2       = 24761387.52 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0894 

              Pez    =  (Area*Fy)/Lambda^2       =  3933273.53 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -425.01           -1151.86            -165.87 

           ---------------------------------------------------------------- 

            TOTAL            -425.01           -1151.86            -165.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1151.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -165.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3933273.5273 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.487 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5333e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3933273.5273 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.14 kN. 

           -. phiPn =  phi*Pn  =      19138.63 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                425.01 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1151.86 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny            11937.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                165.87 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.096  +  0.027 ] 

                      =  0.135  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         92.01 kN. 

                 Vuy                92.01 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        290.62 kN. 

                 Vuz               290.62 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48779e+000,  Lz   = 1.48779e+000,  Lb   = 1.48779e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -376.57     -1502.57     -1313.20      -151.54      -146.68 

           ------------------------------------------------------------------------------- 

            TOTAL            -376.57     -1502.57     -1313.20      -151.54      -146.68 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      376.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24735770.71 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  3929204.37 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -376.57           -1502.57            -151.54 

           ---------------------------------------------------------------- 

            TOTAL            -376.57           -1502.57            -151.54 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1502.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -151.54 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3929204.3725 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.488 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5307e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3929204.3725 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.35 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.09 kN. 

           -. phiPn =  phi*Pn  =      19138.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                376.57 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1502.57 

           -. --------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiMny            11937.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                151.54 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.126  +  0.025 ] 

                      =  0.161  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         44.74 kN. 

                 Vuy                44.74 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        321.77 kN. 

                 Vuz               321.77 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63699e+000,  Lz   = 1.63699e+000,  Lb   = 1.63699e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -445.86     -1380.40     -1221.64      -144.93      -179.21 

           ------------------------------------------------------------------------------- 

            TOTAL            -445.86     -1380.40     -1221.64      -144.93      -179.21 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      445.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0392 

              Pey    =  (Area*Fy)/Lambda^2       = 20432458.75 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.45 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0985 

              Pez    =  (Area*Fy)/Lambda^2       =  3245635.93 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -445.86           -1380.40            -144.93 

           ---------------------------------------------------------------- 

            TOTAL            -445.86           -1380.40            -144.93 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1380.40 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -144.93 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1835 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3245635.9345 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.637 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0904e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3245635.9345 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         152.28 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21254.93 kN. 

           -. phiPn =  phi*Pn  =      19129.44 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                445.86 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19129.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.05 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1380.40 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMny            11936.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                144.93 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             6075.39 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1840 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.116  +  0.024 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         70.22 kN. 

                 Vuy                70.22 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        306.39 kN. 

                 Vuz               306.39 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.27950e+000,  Lz   = 3.27950e+000,  Lb   = 3.27950e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -408.05      -699.13     -1592.53       -94.26      -385.19 

           ------------------------------------------------------------------------------- 

            TOTAL            -408.05      -699.13     -1592.53       -94.26      -385.19 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      408.05 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.95 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0786 

              Pey    =  (Area*Fy)/Lambda^2       =  5090916.83 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.92 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1973 

              Pez    =  (Area*Fy)/Lambda^2       =   808677.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -408.05           -1592.53            -385.19 

           ---------------------------------------------------------------- 

            TOTAL            -408.05           -1592.53            -385.19 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1592.53 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -385.19 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  808677.1548 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.279 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2084e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  808677.1548 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          37.94 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21079.61 kN. 

           -. phiPn =  phi*Pn  =      18971.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                408.05 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            18971.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1592.53 

           -. --------  =  ---------------  =  0.134  <  1.000  --->  O.K. 

               phiMny            11915.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.31 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.31 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                385.19 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             6073.31 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.134  +  0.063 ] 

                      =  0.208  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        183.61 kN. 

                 Vuy               183.61 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        336.08 kN. 

                 Vuz               336.08 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1853 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   6065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.27963e+000,  Lz   = 3.27963e+000,  Lb   = 3.27963e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -266.15     -1654.15      -626.86      -653.86      -143.94 

           ------------------------------------------------------------------------------- 

            TOTAL            -266.15     -1654.15      -626.86      -653.86      -143.94 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      266.15 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.95 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0786 

              Pey    =  (Area*Fy)/Lambda^2       =  5090500.79 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.92 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1973 

              Pez    =  (Area*Fy)/Lambda^2       =   808611.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -266.15           -1654.15            -653.86 

           ---------------------------------------------------------------- 

            TOTAL            -266.15           -1654.15            -653.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1654.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -653.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  808611.0682 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.280 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2080e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1860 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  808611.0682 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          37.94 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21079.59 kN. 

           -. phiPn =  phi*Pn  =      18971.63 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                266.15 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            18971.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.84 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1861 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1654.15 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiMny            11915.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.31 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.31 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                653.86 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiMnz             6073.31 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.139  +  0.108 ] 

                      =  0.253  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        268.20 kN. 

                 Vuy               268.20 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        392.45 kN. 

                 Vuz               392.45 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63768e+000,  Lz   = 1.63768e+000,  Lb   = 1.63768e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -328.95      -796.12     -1229.56      -146.23      -177.50 

           ------------------------------------------------------------------------------- 

            TOTAL            -328.95      -796.12     -1229.56      -146.23      -177.50 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      328.95 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0393 

              Pey    =  (Area*Fy)/Lambda^2       = 20415111.75 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.45 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0985 

              Pez    =  (Area*Fy)/Lambda^2       =  3242880.41 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -328.95           -1229.56            -177.50 

           ---------------------------------------------------------------- 

            TOTAL            -328.95           -1229.56            -177.50 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1229.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -177.50 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3242880.4134 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.638 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0886e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3242880.4134 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         152.15 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21254.88 kN. 

           -. phiPn =  phi*Pn  =      19129.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                328.95 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19129.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.04 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1229.56 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiMny            11936.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                177.50 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             6075.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.103  +  0.029 ] 

                      =  0.141  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         79.29 kN. 

                 Vuy                79.29 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        373.19 kN. 

                 Vuz               373.19 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48698e+000,  Lz   = 1.48698e+000,  Lb   = 1.48698e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -304.61     -1259.20     -1713.62      -174.87      -199.35 

           ------------------------------------------------------------------------------- 

            TOTAL            -304.61     -1259.20     -1713.62      -174.87      -199.35 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      304.61 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0356 

              Pey    =  (Area*Fy)/Lambda^2       = 24762944.13 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0894 

              Pez    =  (Area*Fy)/Lambda^2       =  3933520.79 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -304.61           -1713.62            -199.35 

           ---------------------------------------------------------------- 

            TOTAL            -304.61           -1713.62            -199.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1713.62 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -199.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3933520.7910 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.487 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5334e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3933520.7910 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.56 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.15 kN. 

           -. phiPn =  phi*Pn  =      19138.63 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                304.61 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1713.62 

           -. --------  =  ---------------  =  0.144  <  1.000  --->  O.K. 

               phiMny            11937.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                199.35 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.144  +  0.033 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         46.92 kN. 

                 Vuy                46.92 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        390.60 kN. 

                 Vuz               390.60 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6086,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48742e+000,  Lz   = 1.48742e+000,  Lb   = 1.48742e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -347.18     -1580.59     -1117.47      -133.55      -139.75 

           ------------------------------------------------------------------------------- 

            TOTAL            -347.18     -1580.59     -1117.47      -133.55      -139.75 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      347.18 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24748125.04 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  3931166.82 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -347.18           -1580.59            -133.55 

           ---------------------------------------------------------------- 

            TOTAL            -347.18           -1580.59            -133.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1580.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -133.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3931166.8213 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.487 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5319e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3931166.8213 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.45 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.12 kN. 

           -. phiPn =  phi*Pn  =      19138.61 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                347.18 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1580.59 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny            11937.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                133.55 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.132  +  0.022 ] 

                      =  0.163  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         50.07 kN. 

                 Vuy                50.07 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        357.57 kN. 

                 Vuz               357.57 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1897 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   6087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63750e+000,  Lz   = 1.63750e+000,  Lb   = 1.63750e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -381.26     -1122.78      -670.18      -134.89      -154.47 

           ------------------------------------------------------------------------------- 

            TOTAL            -381.26     -1122.78      -670.18      -134.89      -154.47 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      381.26 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0393 

              Pey    =  (Area*Fy)/Lambda^2       = 20419657.06 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.45 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0985 

              Pez    =  (Area*Fy)/Lambda^2       =  3243602.42 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -381.26           -1122.78            -134.89 

           ---------------------------------------------------------------- 

            TOTAL            -381.26           -1122.78            -134.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1122.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -134.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3243602.4228 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.637 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0891e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3243602.4228 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         152.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21254.89 kN. 

           -. phiPn =  phi*Pn  =      19129.40 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                381.26 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19129.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.05 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1122.78 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMny            11936.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                134.89 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6075.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.094  +  0.022 ] 

                      =  0.126  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         74.20 kN. 

                 Vuy                74.20 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        371.98 kN. 

                 Vuz               371.98 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.27931e+000,  Lz   = 3.27931e+000,  Lb   = 3.27931e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -417.65      -484.51     -1442.11      -154.05      -299.68 

           ------------------------------------------------------------------------------- 

            TOTAL            -417.65      -484.51     -1442.11      -154.05      -299.68 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      417.65 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.95 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0786 

              Pey    =  (Area*Fy)/Lambda^2       =  5091491.54 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.92 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1972 

              Pez    =  (Area*Fy)/Lambda^2       =   808768.45 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -417.65           -1442.11            -299.68 

           ---------------------------------------------------------------- 

            TOTAL            -417.65           -1442.11            -299.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1442.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -299.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1912 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  808768.4458 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.279 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2090e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  808768.4458 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          37.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21079.63 kN. 

           -. phiPn =  phi*Pn  =      18971.67 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                417.65 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            18971.67 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1442.11 

           -. --------  =  ---------------  =  0.121  <  1.000  --->  O.K. 

               phiMny            11915.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.31 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.31 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                299.68 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             6073.31 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.121  +  0.049 ] 

                      =  0.181  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        159.93 kN. 

                 Vuy               159.93 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        416.44 kN. 

                 Vuz               416.44 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53358e+000,  Lz   = 1.53358e+000,  Lb   = 1.53358e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1422.62             613.86              71.92 

           ---------------------------------------------------------------- 

            TOTAL            1422.62             613.86              71.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      613.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       71.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1422.62 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                613.86 

           -. --------  =  ---------------  =  0.191  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 71.92 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.191  +  0.025 ] 

                      =  0.257  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        165.70 kN. 

                 Vuy               165.70 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1925 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        327.09 kN. 

                 Vuz               327.09 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40646e+000,  Lz   = 1.40646e+000,  Lb   = 1.40646e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1423.71             831.11              41.36 

           ---------------------------------------------------------------- 

            TOTAL            1423.71             831.11              41.36 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      831.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       41.36 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1423.71 

           -. -------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                831.11 

           -. --------  =  ---------------  =  0.259  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 41.36 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.259  +  0.014 ] 

                      =  0.314  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         36.04 kN. 

                 Vuy                36.04 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        258.08 kN. 

                 Vuz               258.08 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40693e+000,  Lz   = 1.40693e+000,  Lb   = 1.40693e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1424.77             970.26              66.92 

           ---------------------------------------------------------------- 

            TOTAL            1424.77             970.26              66.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      970.26 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       66.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1424.77 

           -. -------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                970.26 

           -. --------  =  ---------------  =  0.302  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 66.92 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.302  +  0.023 ] 

                      =  0.366  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         67.26 kN. 

                 Vuy                67.26 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1939 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        254.00 kN. 

                 Vuz               254.00 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40682e+000,  Lz   = 1.40682e+000,  Lb   = 1.40682e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -792.64     -1292.90     -1931.03      -111.59      -107.16 

           ------------------------------------------------------------------------------- 

            TOTAL            -792.64     -1292.90     -1931.03      -111.59      -107.16 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      792.64 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27665149.78 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4394527.62 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -792.64           -1931.03            -107.16 

           ---------------------------------------------------------------- 

            TOTAL            -792.64           -1931.03            -107.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1931.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -107.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4394527.6167 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8304e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4394527.6167 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.21 kN. 

           -. phiPn =  phi*Pn  =      19143.19 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                792.64 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19143.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1931.03 

           -. --------  =  ---------------  =  0.162  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                107.16 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.162  +  0.018 ] 

                      =  0.200  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        133.51 kN. 

                 Vuy               133.51 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        517.77 kN. 

                 Vuz               517.77 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7005,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40526e+000,  Lz   = 1.40526e+000,  Lb   = 1.40526e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -693.39     -2112.81      -971.17      -115.70       -49.17 

           ------------------------------------------------------------------------------- 

            TOTAL            -693.39     -2112.81      -971.17      -115.70       -49.17 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      693.39 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27726651.06 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0845 

              Pez    =  (Area*Fy)/Lambda^2       =  4404296.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -693.39           -2112.81            -115.70 

           ---------------------------------------------------------------- 

            TOTAL            -693.39           -2112.81            -115.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2112.81 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -115.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4404296.9129 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.405 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8366e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4404296.9129 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.64 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.30 kN. 

           -. phiPn =  phi*Pn  =      19143.27 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                693.39 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19143.27 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.91 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.91 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2112.81 

           -. --------  =  ---------------  =  0.177  <  1.000  --->  O.K. 

               phiMny            11938.91 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                115.70 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.177  +  0.019 ] 

                      =  0.214  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        249.13 kN. 

                 Vuy               249.13 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        915.34 kN. 

                 Vuz               915.34 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7006,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53439e+000,  Lz   = 1.53439e+000,  Lb   = 1.53439e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1946.24     -1064.18     -1292.99       -81.04      -313.85 

           ------------------------------------------------------------------------------- 

            TOTAL           -1946.24     -1064.18     -1292.99       -81.04      -313.85 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1946.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.78 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0368 

              Pey    =  (Area*Fy)/Lambda^2       = 23256267.67 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0923 

              Pez    =  (Area*Fy)/Lambda^2       =  3694189.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1946.24           -1292.99            -313.85 

           ---------------------------------------------------------------- 

            TOTAL           -1946.24           -1292.99            -313.85 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1292.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -313.85 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3694189.6697 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.534 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.3793e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3694189.6697 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         173.33 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21262.02 kN. 

           -. phiPn =  phi*Pn  =      19135.82 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1946.24 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            19135.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.32 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1292.99 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiMny            11937.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                313.85 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.108  +  0.052 ] 

                      =  0.211  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1972 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        212.33 kN. 

                 Vuy               212.33 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        952.58 kN. 

                 Vuz               952.58 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53487e+000,  Lz   = 1.53487e+000,  Lb   = 1.53487e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -857.47      -819.29     -2287.77      -130.95       -32.23 

           ------------------------------------------------------------------------------- 

            TOTAL            -857.47      -819.29     -2287.77      -130.95       -32.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      857.47 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.78 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0368 

              Pey    =  (Area*Fy)/Lambda^2       = 23241687.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0923 

              Pez    =  (Area*Fy)/Lambda^2       =  3691873.57 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -857.47           -2287.77             -32.23 

           ---------------------------------------------------------------- 

            TOTAL            -857.47           -2287.77             -32.23 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2287.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -32.23 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3691873.5741 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.535 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.3778e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3691873.5741 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         173.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21261.99 kN. 

           -. phiPn =  phi*Pn  =      19135.79 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                857.47 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19135.79 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.31 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2287.77 

           -. --------  =  ---------------  =  0.192  <  1.000  --->  O.K. 

               phiMny            11937.31 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 32.23 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 1982 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.192  +  0.005 ] 

                      =  0.219  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    I ) 

           -. Applied shear force : Vuy =        147.67 kN. 

                 Vuy               147.67 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1041.43 kN. 

                 Vuz              1041.43 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40638e+000,  Lz   = 1.40638e+000,  Lb   = 1.40638e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -880.20     -2281.37     -3695.86       -31.44        -4.26 

           ------------------------------------------------------------------------------- 

            TOTAL            -880.20     -2281.37     -3695.86       -31.44        -4.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      880.20 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27682493.78 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4397282.66 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -880.20           -3695.86              -4.26 

           ---------------------------------------------------------------- 

            TOTAL            -880.20           -3695.86              -4.26 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3695.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       -4.26 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4397282.6588 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8321e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4397282.6588 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.32 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.23 kN. 

           -. phiPn =  phi*Pn  =      19143.21 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                880.20 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            19143.21 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3695.86 

           -. --------  =  ---------------  =  0.310  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  4.26 

           -. --------  =  ---------------  =7.006e-004  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.310  +7.006e-004 ] 

                      =  0.333  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        144.85 kN. 

                 Vuy               144.85 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1017.33 kN. 

                 Vuz              1017.33 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40599e+000,  Lz   = 1.40599e+000,  Lb   = 1.40599e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -455.53     -3670.22     -2740.56       -48.14       -72.26 

           ------------------------------------------------------------------------------- 

            TOTAL            -455.53     -3670.22     -2740.56       -48.14       -72.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      455.53 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27697841.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4399720.64 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -455.53           -3670.22             -48.14 

           ---------------------------------------------------------------- 

            TOTAL            -455.53           -3670.22             -48.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3670.22 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -48.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4399720.6381 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8337e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4399720.6381 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.43 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.26 kN. 

           -. phiPn =  phi*Pn  =      19143.23 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                455.53 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19143.23 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3670.22 

           -. --------  =  ---------------  =  0.307  <  1.000  --->  O.K. 

               phiMny            11938.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 48.14 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.307  +  0.008 ] 

                      =  0.327  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         26.12 kN. 

                 Vuy                26.12 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        693.76 kN. 

                 Vuz               693.76 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40671e+000,  Lz   = 1.40671e+000,  Lb   = 1.40671e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -473.25     -2734.97     -1903.17       -71.83       -72.56 

           ------------------------------------------------------------------------------- 

            TOTAL            -473.25     -2734.97     -1903.17       -71.83       -72.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      473.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27669679.50 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4395247.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -473.25           -2734.97             -71.83 

           ---------------------------------------------------------------- 

            TOTAL            -473.25           -2734.97             -71.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2734.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -71.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4395247.1494 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8308e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4395247.1494 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.21 kN. 

           -. phiPn =  phi*Pn  =      19143.19 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                473.25 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19143.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2734.97 

           -. --------  =  ---------------  =  0.229  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 71.83 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.229  +  0.012 ] 

                      =  0.253  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =         23.02 kN. 

                 Vuy                23.02 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        649.38 kN. 

                 Vuz               649.38 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40592e+000,  Lz   = 1.40592e+000,  Lb   = 1.40592e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2018 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -491.58     -1897.73     -1154.21       -72.31       -55.26 

           ------------------------------------------------------------------------------- 

            TOTAL            -491.58     -1897.73     -1154.21       -72.31       -55.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      491.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27700658.32 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4400168.04 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -491.58           -1897.73             -72.31 

           ---------------------------------------------------------------- 

            TOTAL            -491.58           -1897.73             -72.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1897.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -72.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4400168.0426 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8340e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4400168.0426 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.45 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.26 kN. 

           -. phiPn =  phi*Pn  =      19143.24 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                491.58 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19143.24 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1897.73 

           -. --------  =  ---------------  =  0.159  <  1.000  --->  O.K. 

               phiMny            11938.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 72.31 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.159  +  0.012 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         40.10 kN. 

                 Vuy                40.10 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        604.47 kN. 

                 Vuz               604.47 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53379e+000,  Lz   = 1.53379e+000,  Lb   = 1.53379e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1517.55            1147.80             195.45 

           ---------------------------------------------------------------- 

            TOTAL            1517.55            1147.80             195.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1147.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      195.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1517.55 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.32 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2031 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1147.80 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny            11937.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                195.45 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.096  +  0.032 ] 

                      =  0.154  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    J ) 

           -. Applied shear force : Vuy =        189.37 kN. 

                 Vuy               189.37 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        557.81 kN. 

                 Vuz               557.81 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53479e+000,  Lz   = 1.53479e+000,  Lb   = 1.53479e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1578.34            1147.13             289.35 

           ---------------------------------------------------------------- 

            TOTAL            1578.34            1147.13             289.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1147.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      289.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1578.34 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.31 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2038 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1147.13 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny            11937.31 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                289.35 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.096  +  0.048 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        224.06 kN. 

                 Vuy               224.06 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        534.07 kN. 

                 Vuz               534.07 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40657e+000,  Lz   = 1.40657e+000,  Lb   = 1.40657e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2234.31      -475.97      -568.67       -90.82       -39.52 

           ------------------------------------------------------------------------------- 

            TOTAL           -2234.31      -475.97      -568.67       -90.82       -39.52 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2234.31 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27674952.06 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4396084.68 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2234.31            -475.97             -90.82 

           ---------------------------------------------------------------- 

            TOTAL           -2234.31            -475.97             -90.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -475.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -90.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4396084.6799 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8314e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4396084.6799 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.26 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.22 kN. 

           -. phiPn =  phi*Pn  =      19143.20 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2234.31 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            19143.20 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                475.97 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 90.82 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.040  +  0.015 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        118.28 kN. 

                 Vuy               118.28 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        583.26 kN. 

                 Vuz               583.26 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40606e+000,  Lz   = 1.40606e+000,  Lb   = 1.40606e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2054 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -708.96      -812.04     -1606.58       -58.06      -100.90 

           ------------------------------------------------------------------------------- 

            TOTAL            -708.96      -812.04     -1606.58       -58.06      -100.90 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      708.96 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27694941.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4399259.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -708.96           -1606.58            -100.90 

           ---------------------------------------------------------------- 

            TOTAL            -708.96           -1606.58            -100.90 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2056 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1606.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -100.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4399259.9733 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8334e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2060 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4399259.9733 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.41 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.25 kN. 

           -. phiPn =  phi*Pn  =      19143.23 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                708.96 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19143.23 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1606.58 

           -. --------  =  ---------------  =  0.135  <  1.000  --->  O.K. 

               phiMny            11938.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                100.90 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.135  +  0.017 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        140.06 kN. 

                 Vuy               140.06 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        629.94 kN. 

                 Vuz               629.94 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40681e+000,  Lz   = 1.40681e+000,  Lb   = 1.40681e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -839.41       -22.28     -1033.79       -52.73       -58.76 

           ------------------------------------------------------------------------------- 

            TOTAL            -839.41       -22.28     -1033.79       -52.73       -58.76 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      839.41 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2791101.45 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2095660.23 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -839.41           -1033.79             -58.76 

           ---------------------------------------------------------------- 

            TOTAL            -839.41           -1033.79             -58.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1033.79 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -58.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2095660.2316 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0844e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2095660.2316 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.01 kN. 

           -. phiPn =  phi*Pn  =      16476.31 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                839.41 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16476.31 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1033.79 

           -. --------  =  ---------------  =  0.322  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 58.76 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.322  +  0.020 ] 

                      =  0.367  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         44.15 kN. 

                 Vuy                44.15 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        974.01 kN. 

                 Vuz               974.01 

           -. --------  =  ---------------  =  0.160  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40624e+000,  Lz   = 1.40624e+000,  Lb   = 1.40624e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -277.25     -1152.05      -543.03       -92.16       -49.25 

           ------------------------------------------------------------------------------- 

            TOTAL            -277.25     -1152.05      -543.03       -92.16       -49.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2077 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      277.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2793342.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097343.10 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -277.25           -1152.05             -92.16 

           ---------------------------------------------------------------- 

            TOTAL            -277.25           -1152.05             -92.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1152.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -92.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097343.0996 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0853e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097343.0996 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.15 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.06 kN. 

           -. phiPn =  phi*Pn  =      16476.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                277.25 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16476.36 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1152.05 

           -. --------  =  ---------------  =  0.359  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 92.16 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.359  +  0.032 ] 

                      =  0.399  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        103.31 kN. 

                 Vuy               103.31 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        443.84 kN. 

                 Vuz               443.84 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53431e+000,  Lz   = 1.53431e+000,  Lb   = 1.53431e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1998.27             516.88              54.79 

           ---------------------------------------------------------------- 

            TOTAL            1998.27             516.88              54.79 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      516.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       54.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1998.27 

           -. -------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                516.88 

           -. --------  =  ---------------  =  0.161  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 54.79 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.057 + [  0.161  +  0.019 ] 

                      =  0.237  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        167.88 kN. 

                 Vuy               167.88 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        419.26 kN. 

                 Vuz               419.26 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53345e+000,  Lz   = 1.53345e+000,  Lb   = 1.53345e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -997.63      -509.85      -414.93      -222.94       -56.16 

           ------------------------------------------------------------------------------- 

            TOTAL            -997.63      -509.85      -414.93      -222.94       -56.16 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      997.63 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0884 

              Pey    =  (Area*Fy)/Lambda^2       =  2349116.93 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1021 

              Pez    =  (Area*Fy)/Lambda^2       =  1763802.22 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -997.63            -509.85            -222.94 

           ---------------------------------------------------------------- 

            TOTAL            -997.63            -509.85            -222.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -509.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -222.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2099 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1763802.2218 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.533 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1269e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1763802.2218 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.37 kN. 

           -. phiPn =  phi*Pn  =      16464.93 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                997.63 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16464.93 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                509.85 

           -. --------  =  ---------------  =  0.159  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                222.94 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.159  +  0.077 ] 

                      =  0.266  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        190.94 kN. 

                 Vuy               190.94 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        299.83 kN. 

                 Vuz               299.83 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40639e+000,  Lz   = 1.40639e+000,  Lb   = 1.40639e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -448.16      -505.53      -897.38       -33.63      -182.45 

           ------------------------------------------------------------------------------- 

            TOTAL            -448.16      -505.53      -897.38       -33.63      -182.45 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      448.16 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2792780.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2096921.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -448.16            -897.38            -182.45 

           ---------------------------------------------------------------- 

            TOTAL            -448.16            -897.38            -182.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -897.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -182.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2096921.0691 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0851e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2096921.0691 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.12 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.05 kN. 

           -. phiPn =  phi*Pn  =      16476.34 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                448.16 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16476.34 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                897.38 

           -. --------  =  ---------------  =  0.279  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                182.45 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.279  +  0.063 ] 

                      =  0.356  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        158.17 kN. 

                 Vuy               158.17 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        352.70 kN. 

                 Vuz               352.70 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40633e+000,  Lz   = 1.40633e+000,  Lb   = 1.40633e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1686.83             885.75              65.28 

           ---------------------------------------------------------------- 

            TOTAL            1686.83             885.75              65.28 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2117 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      885.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       65.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1686.83 

           -. -------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2118 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                885.75 

           -. --------  =  ---------------  =  0.276  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 65.28 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.276  +  0.023 ] 

                      =  0.347  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         63.53 kN. 

                 Vuy                63.53 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        716.20 kN. 

                 Vuz               716.20 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40741e+000,  Lz   = 1.40741e+000,  Lb   = 1.40741e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1757.57             895.62              77.46 

           ---------------------------------------------------------------- 

            TOTAL            1757.57             895.62              77.46 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      895.62 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       77.46 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1757.57 

           -. -------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                895.62 

           -. --------  =  ---------------  =  0.279  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 77.46 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.279  +  0.027 ] 

                      =  0.356  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         58.42 kN. 

                 Vuy                58.42 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        807.72 kN. 

                 Vuz               807.72 

           -. --------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40631e+000,  Lz   = 1.40631e+000,  Lb   = 1.40631e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -596.74     -1039.63      -549.08      -154.26       -22.53 

           ------------------------------------------------------------------------------- 

            TOTAL            -596.74     -1039.63      -549.08      -154.26       -22.53 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      596.74 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2793089.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097153.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -596.74           -1039.63            -154.26 

           ---------------------------------------------------------------- 

            TOTAL            -596.74           -1039.63            -154.26 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1039.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -154.26 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097153.2709 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0852e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097153.2709 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.06 kN. 

           -. phiPn =  phi*Pn  =      16476.35 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                596.74 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16476.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1039.63 

           -. --------  =  ---------------  =  0.324  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                154.26 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.324  +  0.053 ] 

                      =  0.395  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        150.51 kN. 

                 Vuy               150.51 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        370.70 kN. 

                 Vuz               370.70 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53517e+000,  Lz   = 1.53517e+000,  Lb   = 1.53517e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2279.32      -376.33      -310.51       -97.21       -81.64 

           ------------------------------------------------------------------------------- 

            TOTAL           -2279.32      -376.33      -310.51       -97.21       -81.64 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2279.32 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0885 

              Pey    =  (Area*Fy)/Lambda^2       =  2343864.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1022 

              Pez    =  (Area*Fy)/Lambda^2       =  1759858.13 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2279.32            -376.33             -97.21 

           ---------------------------------------------------------------- 

            TOTAL           -2279.32            -376.33             -97.21 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2143 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -376.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -97.21 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1759858.1270 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.535 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1065e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1759858.1270 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.78 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.19 kN. 

           -. phiPn =  phi*Pn  =      16464.77 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2279.32 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            16464.77 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                376.33 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 97.21 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.069 + [  0.117  +  0.034 ] 

                      =  0.220  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        149.45 kN. 

                 Vuy               149.45 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        318.66 kN. 

                 Vuz               318.66 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53442e+000,  Lz   = 1.53442e+000,  Lb   = 1.53442e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2428.51      -308.57      -343.42      -227.14       -36.63 

           ------------------------------------------------------------------------------- 

            TOTAL           -2428.51      -308.57      -343.42      -227.14       -36.63 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2153 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2428.51 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0885 

              Pey    =  (Area*Fy)/Lambda^2       =  2346151.67 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1021 

              Pez    =  (Area*Fy)/Lambda^2       =  1761575.79 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2428.51            -308.57            -227.14 

           ---------------------------------------------------------------- 

            TOTAL           -2428.51            -308.57            -227.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -308.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -227.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1761575.7909 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.534 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1154e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1761575.7909 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.87 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.27 kN. 

           -. phiPn =  phi*Pn  =      16464.84 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2428.51 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            16464.84 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                308.57 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                227.14 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.074 + [  0.096  +  0.078 ] 

                      =  0.248  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        201.01 kN. 

                 Vuy               201.01 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        456.95 kN. 

                 Vuz               456.95 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40586e+000,  Lz   = 1.40586e+000,  Lb   = 1.40586e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -925.25      -584.68     -1255.94       -25.06      -124.27 

           ------------------------------------------------------------------------------- 

            TOTAL            -925.25      -584.68     -1255.94       -25.06      -124.27 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      925.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.13 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2794887.54 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2098502.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -925.25           -1255.94            -124.27 

           ---------------------------------------------------------------- 

            TOTAL            -925.25           -1255.94            -124.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1255.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -124.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2167 DE 12066 

 

 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2168 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2098502.9672 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0859e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2098502.9672 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.21 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.10 kN. 

           -. phiPn =  phi*Pn  =      16476.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                925.25 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16476.39 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1255.94 

           -. --------  =  ---------------  =  0.391  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                124.27 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.391  +  0.043 ] 

                      =  0.462  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        120.36 kN. 

                 Vuy               120.36 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        490.72 kN. 

                 Vuz               490.72 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40615e+000,  Lz   = 1.40615e+000,  Lb   = 1.40615e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -476.62     -1062.85        13.07       -34.65       -16.90 

           ------------------------------------------------------------------------------- 

            TOTAL            -476.62     -1062.85        13.07       -34.65       -16.90 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      476.62 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2793727.04 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097631.62 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -476.62           -1062.85             -34.65 

           ---------------------------------------------------------------- 

            TOTAL            -476.62           -1062.85             -34.65 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1062.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -34.65 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097631.6202 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0854e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097631.6202 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.16 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.07 kN. 

           -. phiPn =  phi*Pn  =      16476.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                476.62 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16476.36 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1062.85 

           -. --------  =  ---------------  =  0.331  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 34.65 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.331  +  0.012 ] 

                      =  0.357  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         44.04 kN. 

                 Vuy                44.04 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1008.03 kN. 

                 Vuz              1008.03 

           -. --------  =  ---------------  =  0.165  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40632e+000,  Lz   = 1.40632e+000,  Lb   = 1.40632e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2473.34     -1081.29      -723.65       -71.33       -43.48 

           ------------------------------------------------------------------------------- 

            TOTAL           -2473.34     -1081.29      -723.65       -71.33       -43.48 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2473.34 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27684971.26 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4397676.20 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2473.34           -1081.29             -71.33 

           ---------------------------------------------------------------- 

            TOTAL           -2473.34           -1081.29             -71.33 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1081.29 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -71.33 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4397676.2006 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8324e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4397676.2006 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.33 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.24 kN. 

           -. phiPn =  phi*Pn  =      19143.21 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2473.34 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            19143.21 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1081.29 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 71.33 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.091  +  0.012 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        139.75 kN. 

                 Vuy               139.75 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        606.55 kN. 

                 Vuz               606.55 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40679e+000,  Lz   = 1.40679e+000,  Lb   = 1.40679e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2475.12      -721.35      -478.04       -43.42      -112.70 

           ------------------------------------------------------------------------------- 

            TOTAL           -2475.12      -721.35      -478.04       -43.42      -112.70 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2475.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27666254.12 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4394703.04 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2475.12            -721.35             -43.42 

           ---------------------------------------------------------------- 

            TOTAL           -2475.12            -721.35             -43.42 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -721.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -43.42 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4394703.0366 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8305e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4394703.0366 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.21 kN. 

           -. phiPn =  phi*Pn  =      19143.19 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2475.12 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            19143.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                721.35 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 43.42 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.060  +  0.007 ] 

                      =  0.132  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        101.66 kN. 

                 Vuy               101.66 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        558.76 kN. 

                 Vuz               558.76 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53365e+000,  Lz   = 1.53365e+000,  Lb   = 1.53365e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1815.28             924.71             275.15 

           ---------------------------------------------------------------- 

            TOTAL            1815.28             924.71             275.15 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      924.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      275.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1815.28 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.33 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.33 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                924.71 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiMny            11937.33 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                275.15 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.077  +  0.045 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        218.04 kN. 

                 Vuy               218.04 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        510.12 kN. 

                 Vuz               510.12 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53432e+000,  Lz   = 1.53432e+000,  Lb   = 1.53432e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       724.66            1607.24              36.81 

           ---------------------------------------------------------------- 

            TOTAL             724.66            1607.24              36.81 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1607.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       36.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                724.66 

           -. -------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.32 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1607.24 

           -. --------  =  ---------------  =  0.135  <  1.000  --->  O.K. 

               phiMny            11937.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 36.81 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.135  +  0.006 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    I ) 

           -. Applied shear force : Vuy =        191.28 kN. 

                 Vuy               191.28 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        504.72 kN. 

                 Vuz               504.72 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40661e+000,  Lz   = 1.40661e+000,  Lb   = 1.40661e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1266.71     -1246.51     -1922.84       -75.12       -65.89 

           ------------------------------------------------------------------------------- 

            TOTAL           -1266.71     -1246.51     -1922.84       -75.12       -65.89 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1266.71 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27673651.22 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4395878.04 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1266.71           -1922.84             -65.89 

           ---------------------------------------------------------------- 

            TOTAL           -1266.71           -1922.84             -65.89 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2223 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1922.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -65.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4395878.0446 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8312e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2227 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4395878.0446 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.25 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.22 kN. 

           -. phiPn =  phi*Pn  =      19143.20 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1266.71 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            19143.20 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2228 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1922.84 

           -. --------  =  ---------------  =  0.161  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 65.89 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.161  +  0.011 ] 

                      =  0.205  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         35.03 kN. 

                 Vuy                35.03 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        551.13 kN. 

                 Vuz               551.13 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40627e+000,  Lz   = 1.40627e+000,  Lb   = 1.40627e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1292.25     -1927.94     -2678.26       -66.14       -45.32 

           ------------------------------------------------------------------------------- 

            TOTAL           -1292.25     -1927.94     -2678.26       -66.14       -45.32 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1292.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27686917.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4397985.30 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1292.25           -2678.26             -45.32 

           ---------------------------------------------------------------- 

            TOTAL           -1292.25           -2678.26             -45.32 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2678.26 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -45.32 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4397985.3026 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8326e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4397985.3026 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.35 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.24 kN. 

           -. phiPn =  phi*Pn  =      19143.22 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1292.25 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            19143.22 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2678.26 

           -. --------  =  ---------------  =  0.224  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 45.32 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.224  +  0.007 ] 

                      =  0.266  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         21.81 kN. 

                 Vuy                21.81 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        595.88 kN. 

                 Vuz               595.88 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40581e+000,  Lz   = 1.40581e+000,  Lb   = 1.40581e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1317.27     -2683.15     -3549.02       -45.65       -34.12 

           ------------------------------------------------------------------------------- 

            TOTAL           -1317.27     -2683.15     -3549.02       -45.65       -34.12 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1317.27 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27705157.62 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4400882.74 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1317.27           -3549.02             -34.12 

           ---------------------------------------------------------------- 

            TOTAL           -1317.27           -3549.02             -34.12 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3549.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -34.12 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4400882.7431 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8344e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2249 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4400882.7431 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.48 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.27 kN. 

           -. phiPn =  phi*Pn  =      19143.24 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1317.27 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            19143.24 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3549.02 

           -. --------  =  ---------------  =  0.297  <  1.000  --->  O.K. 

               phiMny            11938.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 34.12 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.297  +  0.006 ] 

                      =  0.337  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2252 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         34.97 kN. 

                 Vuy                34.97 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        641.24 kN. 

                 Vuz               641.24 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40680e+000,  Lz   = 1.40680e+000,  Lb   = 1.40680e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -251.54     -3679.43     -2021.85       -21.86       -45.19 

           ------------------------------------------------------------------------------- 

            TOTAL            -251.54     -3679.43     -2021.85       -21.86       -45.19 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      251.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27666030.45 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4394667.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -251.54           -3679.43             -21.86 

           ---------------------------------------------------------------- 

            TOTAL            -251.54           -3679.43             -21.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3679.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -21.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4394667.5074 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8304e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4394667.5074 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.21 kN. 

           -. phiPn =  phi*Pn  =      19143.19 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                251.54 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19143.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3679.43 

           -. --------  =  ---------------  =  0.308  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 21.86 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.308  +  0.004 ] 

                      =  0.318  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        156.80 kN. 

                 Vuy               156.80 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1309.23 kN. 

                 Vuz              1309.23 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53419e+000,  Lz   = 1.53419e+000,  Lb   = 1.53419e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2403.28      -880.14     -1211.36       -86.37      -222.32 

           ------------------------------------------------------------------------------- 

            TOTAL           -2403.28      -880.14     -1211.36       -86.37      -222.32 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2403.28 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.78 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0368 

              Pey    =  (Area*Fy)/Lambda^2       = 23262324.46 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0923 

              Pez    =  (Area*Fy)/Lambda^2       =  3695151.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2403.28           -1211.36            -222.32 

           ---------------------------------------------------------------- 

            TOTAL           -2403.28           -1211.36            -222.32 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2267 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1211.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -222.32 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3695151.7734 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.534 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.3799e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3695151.7734 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         173.37 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21262.04 kN. 

           -. phiPn =  phi*Pn  =      19135.83 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2403.28 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            19135.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.32 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1211.36 

           -. --------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiMny            11937.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                222.32 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.063 + [  0.101  +  0.037 ] 

                      =  0.201  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        158.04 kN. 

                 Vuy               158.04 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1361.16 kN. 

                 Vuz              1361.16 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53337e+000,  Lz   = 1.53337e+000,  Lb   = 1.53337e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1058.73      -628.18     -2263.42      -232.81       -39.49 

           ------------------------------------------------------------------------------- 

            TOTAL           -1058.73      -628.18     -2263.42      -232.81       -39.49 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1058.73 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.78 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0368 

              Pey    =  (Area*Fy)/Lambda^2       = 23287316.12 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0922 

              Pez    =  (Area*Fy)/Lambda^2       =  3699121.62 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1058.73           -2263.42             -39.49 

           ---------------------------------------------------------------- 

            TOTAL           -1058.73           -2263.42             -39.49 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2263.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -39.49 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2279 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3699121.6244 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.533 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.3825e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2282 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3699121.6244 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         173.56 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21262.09 kN. 

           -. phiPn =  phi*Pn  =      19135.88 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1058.73 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            19135.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.33 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.33 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2263.42 

           -. --------  =  ---------------  =  0.190  <  1.000  --->  O.K. 

               phiMny            11937.33 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 39.49 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.190  +  0.006 ] 

                      =  0.224  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        152.35 kN. 

                 Vuy               152.35 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1340.46 kN. 

                 Vuz              1340.46 

           -. --------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40687e+000,  Lz   = 1.40687e+000,  Lb   = 1.40687e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1084.24     -2257.98     -3952.45       -40.09       -52.02 

           ------------------------------------------------------------------------------- 

            TOTAL           -1084.24     -2257.98     -3952.45       -40.09       -52.02 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1084.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27663081.15 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4394199.02 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1084.24           -3952.45             -52.02 

           ---------------------------------------------------------------- 

            TOTAL           -1084.24           -3952.45             -52.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3952.45 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -52.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4394199.0197 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8301e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4394199.0197 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.20 kN. 

           -. phiPn =  phi*Pn  =      19143.18 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1084.24 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            19143.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3952.45 

           -. --------  =  ---------------  =  0.331  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 52.02 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.331  +  0.009 ] 

                      =  0.368  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        169.71 kN. 

                 Vuy               169.71 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1290.10 kN. 

                 Vuz              1290.10 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40619e+000,  Lz   = 1.40619e+000,  Lb   = 1.40619e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2298 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -641.12     -3729.56     -2767.38       -70.61       -55.80 

           ------------------------------------------------------------------------------- 

            TOTAL            -641.12     -3729.56     -2767.38       -70.61       -55.80 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      641.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27689843.55 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4398450.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -641.12           -3729.56             -70.61 

           ---------------------------------------------------------------- 

            TOTAL            -641.12           -3729.56             -70.61 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3729.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -70.61 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4398450.1493 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8329e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4398450.1493 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.37 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.25 kN. 

           -. phiPn =  phi*Pn  =      19143.22 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                641.12 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19143.22 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3729.56 

           -. --------  =  ---------------  =  0.312  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 70.61 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.312  +  0.012 ] 

                      =  0.341  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         32.78 kN. 

                 Vuy                32.78 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        709.01 kN. 

                 Vuz               709.01 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40641e+000,  Lz   = 1.40641e+000,  Lb   = 1.40641e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -659.10     -2762.40     -1919.80       -55.31       -38.23 

           ------------------------------------------------------------------------------- 

            TOTAL            -659.10     -2762.40     -1919.80       -55.31       -38.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      659.10 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27681150.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4397069.24 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -659.10           -2762.40             -55.31 

           ---------------------------------------------------------------- 

            TOTAL            -659.10           -2762.40             -55.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2762.40 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -55.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4397069.2419 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8320e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4397069.2419 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.31 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.23 kN. 

           -. phiPn =  phi*Pn  =      19143.21 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                659.10 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19143.21 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2762.40 

           -. --------  =  ---------------  =  0.231  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 55.31 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.231  +  0.009 ] 

                      =  0.258  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         25.25 kN. 

                 Vuy                25.25 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        663.21 kN. 

                 Vuz               663.21 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40548e+000,  Lz   = 1.40548e+000,  Lb   = 1.40548e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -678.28     -1914.74     -1146.53       -38.15       -58.52 

           ------------------------------------------------------------------------------- 

            TOTAL            -678.28     -1914.74     -1146.53       -38.15       -58.52 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      678.28 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27717808.33 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0845 

              Pez    =  (Area*Fy)/Lambda^2       =  4402892.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -678.28           -1914.74             -38.15 

           ---------------------------------------------------------------- 

            TOTAL            -678.28           -1914.74             -38.15 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2322 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1914.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -38.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4402892.2725 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.405 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8357e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4402892.2725 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.58 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.29 kN. 

           -. phiPn =  phi*Pn  =      19143.26 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                678.28 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19143.26 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1914.74 

           -. --------  =  ---------------  =  0.160  <  1.000  --->  O.K. 

               phiMny            11938.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 38.15 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.160  +  0.006 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         40.86 kN. 

                 Vuy                40.86 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        616.87 kN. 

                 Vuz               616.87 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53438e+000,  Lz   = 1.53438e+000,  Lb   = 1.53438e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       165.00            1559.84              17.59 

           ---------------------------------------------------------------- 

            TOTAL             165.00            1559.84              17.59 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1559.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       17.59 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                165.00 

           -. -------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.32 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1559.84 

           -. --------  =  ---------------  =  0.131  <  1.000  --->  O.K. 

               phiMny            11937.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 17.59 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.131  +  0.003 ] 

                      =  0.136  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    J ) 

           -. Applied shear force : Vuy =        195.48 kN. 

                 Vuy               195.48 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        568.30 kN. 

                 Vuz               568.30 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7083,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53456e+000,  Lz   = 1.53456e+000,  Lb   = 1.53456e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2338 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1853.21             873.97             258.12 

           ---------------------------------------------------------------- 

            TOTAL            1853.21             873.97             258.12 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      873.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      258.12 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1853.21 

           -. -------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.31 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                873.97 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMny            11937.31 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                258.12 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.073  +  0.042 ] 

                      =  0.147  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        215.48 kN. 

                 Vuy               215.48 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        561.26 kN. 

                 Vuz               561.26 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7084,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40624e+000,  Lz   = 1.40624e+000,  Lb   = 1.40624e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1852.49            1135.43              66.80 

           ---------------------------------------------------------------- 

            TOTAL            1852.49            1135.43              66.80 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1135.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       66.80 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1852.49 

           -. -------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1135.43 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 66.80 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.095  +  0.011 ] 

                      =  0.137  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        100.51 kN. 

                 Vuy               100.51 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        607.93 kN. 

                 Vuz               607.93 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7085,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40585e+000,  Lz   = 1.40585e+000,  Lb   = 1.40585e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       599.75            1758.76             267.57 

           ---------------------------------------------------------------- 

            TOTAL             599.75            1758.76             267.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1758.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      267.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                599.75 

           -. -------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1758.76 

           -. --------  =  ---------------  =  0.147  <  1.000  --->  O.K. 

               phiMny            11938.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                267.57 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.147  +  0.044 ] 

                      =  0.201  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        133.44 kN. 

                 Vuy               133.44 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        653.57 kN. 

                 Vuz               653.57 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7086,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40621e+000,  Lz   = 1.40621e+000,  Lb   = 1.40621e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1096.72        29.52     -1117.82       -29.87       -39.99 

           ------------------------------------------------------------------------------- 

            TOTAL           -1096.72        29.52     -1117.82       -29.87       -39.99 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1096.72 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2793467.08 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097436.44 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1096.72           -1117.82             -39.99 

           ---------------------------------------------------------------- 

            TOTAL           -1096.72           -1117.82             -39.99 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1117.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -39.99 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2363 DE 12066 

 

 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097436.4358 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0853e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097436.4358 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.15 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.06 kN. 

           -. phiPn =  phi*Pn  =      16476.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1096.72 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            16476.36 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1117.82 

           -. --------  =  ---------------  =  0.348  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 39.99 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.348  +  0.014 ] 

                      =  0.395  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         41.65 kN. 

                 Vuy                41.65 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1029.04 kN. 

                 Vuz              1029.04 

           -. --------  =  ---------------  =  0.169  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40626e+000,  Lz   = 1.40626e+000,  Lb   = 1.40626e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -305.99     -1324.79      -604.54      -119.12       -42.27 

           ------------------------------------------------------------------------------- 

            TOTAL            -305.99     -1324.79      -604.54      -119.12       -42.27 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      305.99 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2793276.39 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097293.25 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -305.99           -1324.79            -119.12 

           ---------------------------------------------------------------- 

            TOTAL            -305.99           -1324.79            -119.12 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1324.79 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -119.12 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097293.2530 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0853e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097293.2530 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.06 kN. 

           -. phiPn =  phi*Pn  =      16476.35 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                305.99 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16476.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1324.79 

           -. --------  =  ---------------  =  0.412  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                119.12 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.412  +  0.041 ] 

                      =  0.463  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         81.66 kN. 

                 Vuy                81.66 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        521.75 kN. 

                 Vuz               521.75 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53402e+000,  Lz   = 1.53402e+000,  Lb   = 1.53402e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2238.89      -343.90      -318.36       -28.78      -211.81 

           ------------------------------------------------------------------------------- 

            TOTAL           -2238.89      -343.90      -318.36       -28.78      -211.81 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2238.89 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0885 

              Pey    =  (Area*Fy)/Lambda^2       =  2347392.93 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1021 

              Pez    =  (Area*Fy)/Lambda^2       =  1762507.78 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2238.89            -318.36            -211.81 

           ---------------------------------------------------------------- 

            TOTAL           -2238.89            -318.36            -211.81 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -318.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -211.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1762507.7802 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.534 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1202e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1762507.7802 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.92 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.31 kN. 

           -. phiPn =  phi*Pn  =      16464.88 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2238.89 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            16464.88 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                318.36 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                211.81 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.068 + [  0.099  +  0.073 ] 

                      =  0.240  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        191.01 kN. 

                 Vuy               191.01 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        509.25 kN. 

                 Vuz               509.25 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53421e+000,  Lz   = 1.53421e+000,  Lb   = 1.53421e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1701.17             529.06              61.14 

           ---------------------------------------------------------------- 

            TOTAL            1701.17             529.06              61.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      529.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       61.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1701.17 

           -. -------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                529.06 

           -. --------  =  ---------------  =  0.165  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2395 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 61.14 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.165  +  0.021 ] 

                      =  0.235  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        142.86 kN. 

                 Vuy               142.86 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2397 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        450.42 kN. 

                 Vuz               450.42 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7090,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40630e+000,  Lz   = 1.40630e+000,  Lb   = 1.40630e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -107.98      -571.37     -1218.63       -36.44      -131.40 

           ------------------------------------------------------------------------------- 

            TOTAL            -107.98      -571.37     -1218.63       -36.44      -131.40 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      107.98 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2793126.67 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097180.84 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -107.98           -1218.63            -131.40 

           ---------------------------------------------------------------- 

            TOTAL            -107.98           -1218.63            -131.40 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1218.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -131.40 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097180.8416 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0852e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097180.8416 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.06 kN. 

           -. phiPn =  phi*Pn  =      16476.35 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                107.98 

           -. -------  =  ---------------  =     6.55e-003  <  1.000  --->  O.K. 

               phiPn            16476.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1218.63 

           -. --------  =  ---------------  =  0.379  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                131.40 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.379  +  0.045 ] 

                      =  0.428  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         84.10 kN. 

                 Vuy                84.10 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2408 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        475.06 kN. 

                 Vuz               475.06 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7091,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40605e+000,  Lz   = 1.40605e+000,  Lb   = 1.40605e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1022.45     -1080.21      -331.06       -34.06       -50.57 

           ------------------------------------------------------------------------------- 

            TOTAL           -1022.45     -1080.21      -331.06       -34.06       -50.57 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1022.45 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2794102.93 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097913.85 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1022.45           -1080.21             -34.06 

           ---------------------------------------------------------------- 

            TOTAL           -1022.45           -1080.21             -34.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1080.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -34.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097913.8531 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0856e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097913.8531 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.18 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.08 kN. 

           -. phiPn =  phi*Pn  =      16476.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1022.45 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16476.37 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1080.21 

           -. --------  =  ---------------  =  0.336  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 34.06 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.336  +  0.012 ] 

                      =  0.379  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         49.16 kN. 

                 Vuy                49.16 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        899.56 kN. 

                 Vuz               899.56 

           -. --------  =  ---------------  =  0.148  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   9001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.66185e+001,  Lz   = 1.56586e+000,  Lb   = 1.56586e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -464.90      -307.46     -1569.57       -55.13      -402.91 

           ------------------------------------------------------------------------------- 

            TOTAL            -464.90      -307.46     -1569.57       -55.13      -402.91 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      464.90 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       48.28 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.6381 

              Pey    =  (Area*Fy)/Lambda^2       =    77275.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0942 

              Pez    =  (Area*Fy)/Lambda^2       =  3547192.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -464.90           -1569.57            -402.91 

           ---------------------------------------------------------------- 

            TOTAL            -464.90           -1569.57            -402.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1569.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -402.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    48.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =   77275.9751 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =     26.618 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.9059e+034 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =   77275.9751 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =           3.63 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18989.71 kN. 

           -. phiPn =  phi*Pn  =      17090.74 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                464.90 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            17090.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.93 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.93 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1569.57 

           -. --------  =  ---------------  =  0.131  <  1.000  --->  O.K. 

               phiMny            11936.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                402.91 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.131  +  0.066 ] 

                      =  0.211  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        264.57 kN. 

                 Vuy               264.57 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        395.31 kN. 

                 Vuz               395.31 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.07240e+000,  Lz   = 3.07240e+000,  Lb   = 3.07240e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -686.40     -1367.27      -843.12      -390.06      -326.43 

           ------------------------------------------------------------------------------- 

            TOTAL            -686.40     -1367.27      -843.12      -390.06      -326.43 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      686.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.57 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0737 

              Pey    =  (Area*Fy)/Lambda^2       =  5800357.78 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1848 

              Pez    =  (Area*Fy)/Lambda^2       =   921369.76 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -686.40           -1367.27            -390.06 

           ---------------------------------------------------------------- 

            TOTAL            -686.40           -1367.27            -390.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1367.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -390.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  921369.7615 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.072 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9342e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  921369.7615 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.23 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21108.07 kN. 

           -. phiPn =  phi*Pn  =      18997.26 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                686.40 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            18997.26 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11918.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11918.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1367.27 

           -. --------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiMny            11918.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                390.06 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiMnz             6073.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.115  +  0.064 ] 

                      =  0.197  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        266.84 kN. 

                 Vuy               266.84 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        365.08 kN. 

                 Vuz               365.08 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.65466e+000,  Lz   = 1.65466e+000,  Lb   = 1.65466e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -613.86     -1142.55     -1042.15      -329.25      -308.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -613.86     -1142.55     -1042.15      -329.25      -308.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      613.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.00 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0397 

              Pey    =  (Area*Fy)/Lambda^2       = 19998382.16 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0995 

              Pez    =  (Area*Fy)/Lambda^2       =  3176684.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -613.86           -1142.55            -329.25 

           ---------------------------------------------------------------- 

            TOTAL            -613.86           -1142.55            -329.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1142.55 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -329.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3176684.1453 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.655 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0460e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3176684.1453 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         149.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21253.66 kN. 

           -. phiPn =  phi*Pn  =      19128.29 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                613.86 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19128.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11935.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11935.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1142.55 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny            11935.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                329.25 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             6075.37 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.096  +  0.054 ] 

                      =  0.166  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        182.53 kN. 

                 Vuy               182.53 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        325.47 kN. 

                 Vuz               325.47 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49030e+000,  Lz   = 1.49030e+000,  Lb   = 1.49030e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -560.19     -1098.65     -1048.34      -313.75      -290.82 

           ------------------------------------------------------------------------------- 

            TOTAL            -560.19     -1098.65     -1048.34      -313.75      -290.82 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      560.19 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24652797.65 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  3916024.35 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -560.19           -1098.65            -313.75 

           ---------------------------------------------------------------- 

            TOTAL            -560.19           -1098.65            -313.75 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1098.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -313.75 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3916024.3472 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.490 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5222e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2460 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3916024.3472 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.74 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.93 kN. 

           -. phiPn =  phi*Pn  =      19138.44 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                560.19 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19138.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1098.65 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMny            11937.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                313.75 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.092  +  0.052 ] 

                      =  0.158  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         31.39 kN. 

                 Vuy                31.39 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        305.33 kN. 

                 Vuz               305.33 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.67353e+001,  Lz   = 1.53397e+000,  Lb   = 1.53397e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2358.06     -1336.42      -554.11       -48.92      -645.27 

           ------------------------------------------------------------------------------- 

            TOTAL           -2358.06     -1336.42      -554.11       -48.92      -645.27 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2358.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       30.43 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.4022 

              Pey    =  (Area*Fy)/Lambda^2       =   221848.36 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.02 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0928 

              Pez    =  (Area*Fy)/Lambda^2       =  4163990.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <3/4>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2358.06           -1352.06            -421.87 

           ---------------------------------------------------------------- 

            TOTAL           -2358.06           -1352.06            -421.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1352.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -421.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    30.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  221848.3573 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =     16.735 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0123e+035 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  221848.3573 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =           8.46 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       24971.33 kN. 

           -. phiPn =  phi*Pn  =      22474.20 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2358.06 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            22474.20 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.21 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.21 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1352.06 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiMny            13546.21 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                421.87 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.100  +  0.062 ] 

                      =  0.214  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =  3/4 ) 

           -. Applied shear force : Vuy =        456.74 kN. 

                 Vuy               456.74 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        525.00 kN. 

                 Vuz               525.00 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            15784.06 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2475 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.18311e+000,  Lz   = 1.18311e+000,  Lb   = 1.18311e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4132.33      -832.82      -679.88      -108.98      -101.77 

           ------------------------------------------------------------------------------- 

            TOTAL           -4132.33      -832.82      -679.88      -108.98      -101.77 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4132.33 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.15 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0284 

              Pey    =  (Area*Fy)/Lambda^2       = 44388720.28 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.42 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0716 

              Pez    =  (Area*Fy)/Lambda^2       =  6999850.10 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4132.33            -832.82            -108.98 

           ---------------------------------------------------------------- 

            TOTAL           -4132.33            -832.82            -108.98 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -832.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -108.98 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6999850.1004 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.183 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.0263e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6999850.1004 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         266.78 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26197.46 kN. 

           -. phiPn =  phi*Pn  =      23577.71 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4132.33 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            23577.71 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.13 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                832.82 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMny            13551.13 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.90 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.90 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                108.98 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6844.90 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.088 + [  0.061  +  0.016 ] 

                      =  0.165  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         28.02 kN. 

                 Vuy                28.02 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        284.12 kN. 

                 Vuz               284.12 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVnz            15784.06 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2486 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.18247e+000,  Lz   = 1.18247e+000,  Lb   = 1.18247e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3710.44            1171.79             130.28 

           ---------------------------------------------------------------- 

            TOTAL            3710.44            1171.79             130.28 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2488 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1171.79 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      130.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3710.44 

           -. -------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1171.79 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiMny            13551.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.90 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.90 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                130.28 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6844.90 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.086  +  0.019 ] 

                      =  0.160  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        121.59 kN. 

                 Vuy               121.59 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        233.85 kN. 

                 Vuz               233.85 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.32934e+000,  Lz   = 1.32934e+000,  Lb   = 1.32934e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1770.34            1182.50             447.91 

           ---------------------------------------------------------------- 

            TOTAL            1770.34            1182.50             447.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1182.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      447.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1770.34 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13549.08 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13549.08 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1182.50 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMny            13549.08 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.69 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                447.91 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMnz             6844.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.087  +  0.065 ] 

                      =  0.179  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        415.09 kN. 

                 Vuy               415.09 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        179.39 kN. 

                 Vuz               179.39 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33052e+000,  Lz   = 1.33052e+000,  Lb   = 1.33052e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1913.59            1201.40             429.30 

           ---------------------------------------------------------------- 

            TOTAL            1913.59            1201.40             429.30 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1201.40 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      429.30 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1913.59 

           -. -------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13549.07 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2503 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13549.07 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1201.40 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiMny            13549.07 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.69 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                429.30 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             6844.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.089  +  0.063 ] 

                      =  0.179  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        406.98 kN. 

                 Vuy               406.98 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        202.37 kN. 

                 Vuz               202.37 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.18229e+000,  Lz   = 1.18229e+000,  Lb   = 1.18229e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3973.19            1072.17              77.59 

           ---------------------------------------------------------------- 

            TOTAL            3973.19            1072.17              77.59 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1072.17 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       77.59 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3973.19 

           -. -------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1072.17 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiMny            13551.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.90 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.90 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 77.59 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6844.90 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.079  +  0.011 ] 

                      =  0.149  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =        118.71 kN. 

                 Vuy               118.71 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        254.98 kN. 

                 Vuz               254.98 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.18267e+000,  Lz   = 1.18267e+000,  Lb   = 1.18267e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3971.17             865.56             123.32 

           ---------------------------------------------------------------- 

            TOTAL            3971.17             865.56             123.32 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      865.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      123.32 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3971.17 

           -. -------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                865.56 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiMny            13551.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.90 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.90 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                123.32 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6844.90 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.064  +  0.018 ] 

                      =  0.140  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         20.90 kN. 

                 Vuy                20.90 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        306.35 kN. 

                 Vuz               306.35 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        306.35 kN. 

                 Vuz               306.35 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.18227e+000,  Lz   = 1.18227e+000,  Lb   = 1.18227e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4260.91      -387.93      -426.97      -106.90       -92.22 

           ------------------------------------------------------------------------------- 

            TOTAL           -4260.91      -387.93      -426.97      -106.90       -92.22 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4260.91 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.15 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0284 

              Pey    =  (Area*Fy)/Lambda^2       = 44452202.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.41 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0716 

              Pez    =  (Area*Fy)/Lambda^2       =  7009860.92 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4260.91            -426.97             -92.22 

           ---------------------------------------------------------------- 

            TOTAL           -4260.91            -426.97             -92.22 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -426.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -92.22 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7009860.9179 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.182 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.0321e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7009860.9179 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         267.16 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26197.52 kN. 

           -. phiPn =  phi*Pn  =      23577.77 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4260.91 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            23577.77 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                426.97 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiMny            13551.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.90 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.90 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 92.22 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             6844.90 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2530 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.090 + [  0.032  +  0.013 ] 

                      =  0.135  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         21.67 kN. 

                 Vuy                21.67 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        359.03 kN. 

                 Vuz               359.03 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.18272e+000,  Lz   = 1.18272e+000,  Lb   = 1.18272e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4261.55      -427.15      -550.96       -92.23       -78.85 

           ------------------------------------------------------------------------------- 

            TOTAL           -4261.55      -427.15      -550.96       -92.23       -78.85 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4261.55 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.15 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0284 

              Pey    =  (Area*Fy)/Lambda^2       = 44418517.58 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.42 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0716 

              Pez    =  (Area*Fy)/Lambda^2       =  7004548.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4261.55            -550.96             -78.85 

           ---------------------------------------------------------------- 

            TOTAL           -4261.55            -550.96             -78.85 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -550.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -78.85 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 7004548.9670 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.183 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.0290e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 7004548.9670 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         266.96 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26197.49 kN. 

           -. phiPn =  phi*Pn  =      23577.74 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4261.55 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            23577.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13551.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13551.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                550.96 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMny            13551.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.90 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.90 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 78.85 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6844.90 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.090 + [  0.041  +  0.012 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        156.54 kN. 

                 Vuy               156.54 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        409.04 kN. 

                 Vuz               409.04 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.32960e+000,  Lz   = 1.32960e+000,  Lb   = 1.32960e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2202.38     -1171.27     -1736.07       -55.63      -701.93 

           ------------------------------------------------------------------------------- 

            TOTAL           -2202.38     -1171.27     -1736.07       -55.63      -701.93 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2202.38 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.42 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0320 

              Pey    =  (Area*Fy)/Lambda^2       = 35146339.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0805 

              Pez    =  (Area*Fy)/Lambda^2       =  5542379.00 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2202.38           -1736.07            -701.93 

           ---------------------------------------------------------------- 

            TOTAL           -2202.38           -1736.07            -701.93 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2546 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1736.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -701.93 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2547 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5542379.0023 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.330 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1880e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5542379.0023 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         211.23 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26186.65 kN. 

           -. phiPn =  phi*Pn  =      23567.99 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2202.38 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            23567.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13549.08 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13549.08 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1736.07 

           -. --------  =  ---------------  =  0.128  <  1.000  --->  O.K. 

               phiMny            13549.08 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                701.93 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiMnz             6844.69 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.128  +  0.103 ] 

                      =  0.277  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        534.83 kN. 

                 Vuy               534.83 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        465.16 kN. 

                 Vuz               465.16 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43296e+000,  Lz   = 1.43296e+000,  Lb   = 1.43296e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2151.90     -1701.69     -1201.96      -620.43       -76.34 

           ------------------------------------------------------------------------------- 

            TOTAL           -2151.90     -1701.69     -1201.96      -620.43       -76.34 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2151.90 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.61 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 30259066.23 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.56 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0867 

              Pez    =  (Area*Fy)/Lambda^2       =  4771683.58 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2151.90           -1701.69            -620.43 

           ---------------------------------------------------------------- 

            TOTAL           -2151.90           -1701.69            -620.43 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2557 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1701.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -620.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4771683.5820 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.433 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7447e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4771683.5820 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         181.86 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26178.27 kN. 

           -. phiPn =  phi*Pn  =      23560.45 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2151.90 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            23560.45 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1701.69 

           -. --------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiMny            13547.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.55 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.55 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                620.43 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMnz             6844.55 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.126  +  0.091 ] 

                      =  0.262  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        485.52 kN. 

                 Vuy               485.52 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        421.19 kN. 

                 Vuz               421.19 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.20217e+000,  Lz   = 1.20217e+000,  Lb   = 1.20217e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4106.94      -703.04      -598.09       -81.62       -86.95 

           ------------------------------------------------------------------------------- 

            TOTAL           -4106.94      -703.04      -598.09       -81.62       -86.95 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4106.94 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0289 

              Pey    =  (Area*Fy)/Lambda^2       = 42992838.33 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.50 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0728 

              Pez    =  (Area*Fy)/Lambda^2       =  6779727.41 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4106.94            -703.04             -81.62 

           ---------------------------------------------------------------- 

            TOTAL           -4106.94            -703.04             -81.62 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -703.04 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -81.62 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6779727.4135 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.202 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8997e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6779727.4135 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         258.39 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26196.13 kN. 

           -. phiPn =  phi*Pn  =      23576.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4106.94 

           -. -------  =  ---------------  =          0.17  <  1.000  --->  O.K. 

               phiPn            23576.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13550.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13550.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                703.04 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMny            13550.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.87 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.87 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 81.62 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6844.87 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.087 + [  0.052  +  0.012 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        135.94 kN. 

                 Vuy               135.94 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        361.97 kN. 

                 Vuz               361.97 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.20286e+000,  Lz   = 1.20286e+000,  Lb   = 1.20286e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4106.28      -595.73      -534.65       -87.20       -81.66 

           ------------------------------------------------------------------------------- 

            TOTAL           -4106.28      -595.73      -534.65       -87.20       -81.66 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4106.28 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0289 

              Pey    =  (Area*Fy)/Lambda^2       = 42943363.86 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0728 

              Pez    =  (Area*Fy)/Lambda^2       =  6771925.57 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4106.28            -595.73             -87.20 

           ---------------------------------------------------------------- 

            TOTAL           -4106.28            -595.73             -87.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -595.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -87.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6771925.5696 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.203 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8952e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6771925.5696 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         258.09 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26196.08 kN. 

           -. phiPn =  phi*Pn  =      23576.47 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4106.28 

           -. -------  =  ---------------  =          0.17  <  1.000  --->  O.K. 

               phiPn            23576.47 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13550.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13550.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                595.73 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMny            13550.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.87 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.87 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 87.20 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             6844.87 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2585 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.087 + [  0.044  +  0.013 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =          7.45 kN. 

                 Vuy                 7.45 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        309.82 kN. 

                 Vuz               309.82 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.20259e+000,  Lz   = 1.20259e+000,  Lb   = 1.20259e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4106.24      -532.39      -533.12       -82.20       -38.62 

           ------------------------------------------------------------------------------- 

            TOTAL           -4106.24      -532.39      -533.12       -82.20       -38.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4106.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0289 

              Pey    =  (Area*Fy)/Lambda^2       = 42962427.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0728 

              Pez    =  (Area*Fy)/Lambda^2       =  6774931.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4106.24            -532.39             -82.20 

           ---------------------------------------------------------------- 

            TOTAL           -4106.24            -532.39             -82.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -532.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -82.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6774931.7202 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.203 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8970e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6774931.7202 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         258.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26196.10 kN. 

           -. phiPn =  phi*Pn  =      23576.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4106.24 

           -. -------  =  ---------------  =          0.17  <  1.000  --->  O.K. 

               phiPn            23576.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13550.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13550.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                532.39 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMny            13550.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.87 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.87 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 82.20 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6844.87 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.087 + [  0.039  +  0.012 ] 

                      =  0.138  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        117.90 kN. 

                 Vuy               117.90 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        257.66 kN. 

                 Vuz               257.66 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43270e+000,  Lz   = 1.43270e+000,  Lb   = 1.43270e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2158.05      -549.85      -484.60       -51.00      -491.34 

           ------------------------------------------------------------------------------- 

            TOTAL           -2158.05      -549.85      -484.60       -51.00      -491.34 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2158.05 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.61 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 30270166.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.56 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0867 

              Pez    =  (Area*Fy)/Lambda^2       =  4773434.06 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2158.05            -484.60            -491.34 

           ---------------------------------------------------------------- 

            TOTAL           -2158.05            -484.60            -491.34 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -484.60 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -491.34 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4773434.0579 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.433 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7457e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4773434.0579 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         181.92 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26178.30 kN. 

           -. phiPn =  phi*Pn  =      23560.47 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2158.05 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            23560.47 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                484.60 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiMny            13547.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.55 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.55 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                491.34 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMnz             6844.55 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.036  +  0.072 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        400.29 kN. 

                 Vuy               400.29 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        200.74 kN. 

                 Vuz               200.74 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43247e+000,  Lz   = 1.43247e+000,  Lb   = 1.43247e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2161.49      -470.99      -501.80      -483.00       -55.09 

           ------------------------------------------------------------------------------- 

            TOTAL           -2161.49      -470.99      -501.80      -483.00       -55.09 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2161.49 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 30279947.10 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.56 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0867 

              Pez    =  (Area*Fy)/Lambda^2       =  4774976.38 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2161.49            -470.99            -483.00 

           ---------------------------------------------------------------- 

            TOTAL           -2161.49            -470.99            -483.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -470.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -483.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2613 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4774976.3772 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.432 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7466e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4774976.3772 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         181.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26178.32 kN. 

           -. phiPn =  phi*Pn  =      23560.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2161.49 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            23560.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                470.99 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMny            13547.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.55 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.55 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                483.00 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMnz             6844.55 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.035  +  0.071 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        396.37 kN. 

                 Vuy               396.37 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        176.55 kN. 

                 Vuz               176.55 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.20217e+000,  Lz   = 1.20217e+000,  Lb   = 1.20217e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3520.44      -586.96      -690.85       -71.39       -87.05 

           ------------------------------------------------------------------------------- 

            TOTAL           -3520.44      -586.96      -690.85       -71.39       -87.05 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3520.44 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0289 

              Pey    =  (Area*Fy)/Lambda^2       = 42992808.58 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.50 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0728 

              Pez    =  (Area*Fy)/Lambda^2       =  6779722.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3520.44            -690.85             -87.05 

           ---------------------------------------------------------------- 

            TOTAL           -3520.44            -690.85             -87.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -690.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -87.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6779722.7223 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.202 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8997e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6779722.7223 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         258.39 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26196.13 kN. 

           -. phiPn =  phi*Pn  =      23576.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3520.44 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            23576.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13550.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13550.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                690.85 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiMny            13550.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.87 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.87 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 87.05 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             6844.87 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.051  +  0.013 ] 

                      =  0.138  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        114.41 kN. 

                 Vuy               114.41 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        233.23 kN. 

                 Vuz               233.23 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.20208e+000,  Lz   = 1.20208e+000,  Lb   = 1.20208e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3521.49      -686.62      -840.93       -87.19       -80.05 

           ------------------------------------------------------------------------------- 

            TOTAL           -3521.49      -686.62      -840.93       -87.19       -80.05 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3521.49 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0289 

              Pey    =  (Area*Fy)/Lambda^2       = 42998729.37 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.50 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0727 

              Pez    =  (Area*Fy)/Lambda^2       =  6780656.40 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3521.49            -840.93             -80.05 

           ---------------------------------------------------------------- 

            TOTAL           -3521.49            -840.93             -80.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -840.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -80.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6780656.3965 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.202 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.9003e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 6780656.3965 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         258.42 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26196.13 kN. 

           -. phiPn =  phi*Pn  =      23576.52 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3521.49 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            23576.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13550.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13550.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                840.93 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiMny            13550.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.87 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.87 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 80.05 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6844.87 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.062  +  0.012 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         11.14 kN. 

                 Vuy                11.14 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        284.21 kN. 

                 Vuz               284.21 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.20313e+000,  Lz   = 1.20313e+000,  Lb   = 1.20313e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3523.26      -836.97     -1041.51       -79.78       -59.81 

           ------------------------------------------------------------------------------- 

            TOTAL           -3523.26      -836.97     -1041.51       -79.78       -59.81 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3523.26 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0289 

              Pey    =  (Area*Fy)/Lambda^2       = 42923665.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0728 

              Pez    =  (Area*Fy)/Lambda^2       =  6768819.21 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3523.26           -1041.51             -59.81 

           ---------------------------------------------------------------- 

            TOTAL           -3523.26           -1041.51             -59.81 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1041.51 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -59.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 6768819.2096 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.203 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8934e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2649 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 6768819.2096 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         257.97 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26196.06 kN. 

           -. phiPn =  phi*Pn  =      23576.45 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3523.26 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            23576.45 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13550.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13550.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1041.51 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiMny            13550.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.87 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.87 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 59.81 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6844.87 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.077  +  0.009 ] 

                      =  0.160  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        147.17 kN. 

                 Vuy               147.17 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        337.53 kN. 

                 Vuz               337.53 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43238e+000,  Lz   = 1.43238e+000,  Lb   = 1.43238e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2168.64     -1062.78     -1504.28       -81.85      -654.71 

           ------------------------------------------------------------------------------- 

            TOTAL           -2168.64     -1062.78     -1504.28       -81.85      -654.71 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2168.64 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 30283769.53 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.56 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0867 

              Pez    =  (Area*Fy)/Lambda^2       =  4775579.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2168.64           -1504.28            -654.71 

           ---------------------------------------------------------------- 

            TOTAL           -2168.64           -1504.28            -654.71 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1504.28 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -654.71 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4775579.1528 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.432 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7469e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4775579.1528 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         182.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26178.32 kN. 

           -. phiPn =  phi*Pn  =      23560.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2168.64 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            23560.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.64 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1504.28 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny            13547.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.55 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.55 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                654.71 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMnz             6844.55 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.111  +  0.096 ] 

                      =  0.253  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        497.64 kN. 

                 Vuy               497.64 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        394.65 kN. 

                 Vuz               394.65 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53469e+000,  Lz   = 1.53469e+000,  Lb   = 1.53469e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2665 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2351.88     -1450.57      -822.10      -677.70       -45.30 

           ------------------------------------------------------------------------------- 

            TOTAL           -2351.88     -1450.57      -822.10      -677.70       -45.30 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2351.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.79 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0369 

              Pey    =  (Area*Fy)/Lambda^2       = 26380414.92 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0929 

              Pez    =  (Area*Fy)/Lambda^2       =  4160042.21 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2351.88           -1450.57            -677.70 

           ---------------------------------------------------------------- 

            TOTAL           -2351.88           -1450.57            -677.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1450.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -677.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4160042.2101 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.535 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.3929e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4160042.2101 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         158.55 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26169.42 kN. 

           -. phiPn =  phi*Pn  =      23552.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2351.88 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            23552.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.20 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.20 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1450.57 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny            13546.20 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                677.70 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.107  +  0.099 ] 

                      =  0.256  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        453.96 kN. 

                 Vuy               453.96 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        493.91 kN. 

                 Vuz               493.91 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40774e+000,  Lz   = 1.40774e+000,  Lb   = 1.40774e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2413.18      -926.23      -582.66       -66.20       -85.80 

           ------------------------------------------------------------------------------- 

            TOTAL           -2413.18      -926.23      -582.66       -66.20       -85.80 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2413.18 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.56 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0338 

              Pey    =  (Area*Fy)/Lambda^2       = 31353090.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.45 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0852 

              Pez    =  (Area*Fy)/Lambda^2       =  4944204.96 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2413.18            -926.23             -66.20 

           ---------------------------------------------------------------- 

            TOTAL           -2413.18            -926.23             -66.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -926.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -66.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4944204.9565 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8439e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4944204.9565 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         188.43 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26180.38 kN. 

           -. phiPn =  phi*Pn  =      23562.34 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2413.18 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            23562.34 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                926.23 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMny            13547.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 66.20 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.068  +  0.010 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         99.89 kN. 

                 Vuy                99.89 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        430.56 kN. 

                 Vuz               430.56 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40711e+000,  Lz   = 1.40711e+000,  Lb   = 1.40711e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2071.62            1120.33             160.66 

           ---------------------------------------------------------------- 

            TOTAL            2071.62            1120.33             160.66 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1120.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      160.66 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2071.62 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1120.33 

           -. --------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                160.66 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.083  +  0.023 ] 

                      =  0.137  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         10.22 kN. 

                 Vuy                10.22 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        368.61 kN. 

                 Vuz               368.61 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40644e+000,  Lz   = 1.40644e+000,  Lb   = 1.40644e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2070.37            1385.75             150.23 

           ---------------------------------------------------------------- 

            TOTAL            2070.37            1385.75             150.23 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1385.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      150.23 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2070.37 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.00 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2696 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1385.75 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMny            13548.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                150.23 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.102  +  0.022 ] 

                      =  0.155  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         21.22 kN. 

                 Vuy                21.22 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        309.10 kN. 

                 Vuz               309.10 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40693e+000,  Lz   = 1.40693e+000,  Lb   = 1.40693e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2069.11            1573.91              79.11 

           ---------------------------------------------------------------- 

            TOTAL            2069.11            1573.91              79.11 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1573.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       79.11 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2069.11 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1573.91 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 79.11 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.116  +  0.012 ] 

                      =  0.158  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         67.84 kN. 

                 Vuy                67.84 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        249.84 kN. 

                 Vuz               249.84 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53578e+000,  Lz   = 1.53578e+000,  Lb   = 1.53578e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2067.63            1719.34             403.25 

           ---------------------------------------------------------------- 

            TOTAL            2067.63            1719.34             403.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1719.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      403.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2067.63 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1719.34 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny            13546.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                403.25 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.127  +  0.059 ] 

                      =  0.216  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        292.60 kN. 

                 Vuy               292.60 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        193.33 kN. 

                 Vuz               193.33 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53449e+000,  Lz   = 1.53449e+000,  Lb   = 1.53449e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2024.42            1611.27             466.51 

           ---------------------------------------------------------------- 

            TOTAL            2024.42            1611.27             466.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1611.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      466.51 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2024.42 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.20 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.20 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1611.27 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny            13546.20 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                466.51 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.119  +  0.068 ] 

                      =  0.217  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        369.59 kN. 

                 Vuy               369.59 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        453.78 kN. 

                 Vuz               453.78 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            15784.06 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2721 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40677e+000,  Lz   = 1.40677e+000,  Lb   = 1.40677e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2023.60            1330.41             116.11 

           ---------------------------------------------------------------- 

            TOTAL            2023.60            1330.41             116.11 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1330.41 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      116.11 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2023.60 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.00 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1330.41 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny            13548.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                116.11 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.098  +  0.017 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        117.68 kN. 

                 Vuy               117.68 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        503.32 kN. 

                 Vuz               503.32 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40763e+000,  Lz   = 1.40763e+000,  Lb   = 1.40763e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1269.01     -1282.71     -1886.80      -114.51      -242.31 

           ------------------------------------------------------------------------------- 

            TOTAL           -1269.01     -1282.71     -1886.80      -114.51      -242.31 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1269.01 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.56 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0338 

              Pey    =  (Area*Fy)/Lambda^2       = 31357947.90 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.45 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0852 

              Pez    =  (Area*Fy)/Lambda^2       =  4944971.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1269.01           -1886.80            -242.31 

           ---------------------------------------------------------------- 

            TOTAL           -1269.01           -1886.80            -242.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1886.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -242.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4944971.0067 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8444e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4944971.0067 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         188.46 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26180.39 kN. 

           -. phiPn =  phi*Pn  =      23562.35 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1269.01 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            23562.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1886.80 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiMny            13547.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                242.31 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.139  +  0.035 ] 

                      =  0.202  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        144.94 kN. 

                 Vuy               144.94 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        555.86 kN. 

                 Vuz               555.86 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49136e+000,  Lz   = 1.49136e+000,  Lb   = 1.49136e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -179.84     -1567.20     -1264.97      -149.52      -165.78 

           ------------------------------------------------------------------------------- 

            TOTAL            -179.84     -1567.20     -1264.97      -149.52      -165.78 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      179.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0358 

              Pey    =  (Area*Fy)/Lambda^2       = 24617550.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0897 

              Pez    =  (Area*Fy)/Lambda^2       =  3910425.40 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -179.84           -1567.20            -149.52 

           ---------------------------------------------------------------- 

            TOTAL            -179.84           -1567.20            -149.52 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1567.20 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -149.52 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2744 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3910425.3986 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.491 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5186e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3910425.3986 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.47 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.86 kN. 

           -. phiPn =  phi*Pn  =      19138.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                179.84 

           -. -------  =  ---------------  =     9.40e-003  <  1.000  --->  O.K. 

               phiPn            19138.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1567.20 

           -. --------  =  ---------------  =  0.131  <  1.000  --->  O.K. 

               phiMny            11937.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                149.52 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.131  +  0.025 ] 

                      =  0.161  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         27.96 kN. 

                 Vuy                27.96 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        352.14 kN. 

                 Vuz               352.14 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.65495e+000,  Lz   = 1.65495e+000,  Lb   = 1.65495e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -903.38      -879.03      -902.77       -75.49      -340.39 

           ------------------------------------------------------------------------------- 

            TOTAL            -903.38      -879.03      -902.77       -75.49      -340.39 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      903.38 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.00 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0397 

              Pey    =  (Area*Fy)/Lambda^2       = 19991211.91 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0995 

              Pez    =  (Area*Fy)/Lambda^2       =  3175545.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -903.38            -902.77            -340.39 

           ---------------------------------------------------------------- 

            TOTAL            -903.38            -902.77            -340.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -902.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -340.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3175545.1714 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.655 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0453e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3175545.1714 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         148.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21253.64 kN. 

           -. phiPn =  phi*Pn  =      19128.28 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                903.38 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            19128.28 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11935.83 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11935.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                902.77 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiMny            11935.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                340.39 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             6075.37 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2759 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.076  +  0.056 ] 

                      =  0.155  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        173.40 kN. 

                 Vuy               173.40 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        373.30 kN. 

                 Vuz               373.30 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.07296e+000,  Lz   = 3.07296e+000,  Lb   = 3.07296e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1175.99      -871.59     -1315.78      -333.35      -173.83 

           ------------------------------------------------------------------------------- 

            TOTAL           -1175.99      -871.59     -1315.78      -333.35      -173.83 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1175.99 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.57 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0737 

              Pey    =  (Area*Fy)/Lambda^2       =  5798265.05 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1848 

              Pez    =  (Area*Fy)/Lambda^2       =   921037.34 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1175.99           -1315.78            -173.83 

           ---------------------------------------------------------------- 

            TOTAL           -1175.99           -1315.78            -173.83 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2764 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1315.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -173.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  921037.3368 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.073 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9321e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  921037.3368 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.21 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21107.99 kN. 

           -. phiPn =  phi*Pn  =      18997.19 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1175.99 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            18997.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11918.38 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11918.38 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1315.78 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny            11918.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                173.83 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             6073.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.110  +  0.029 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2771 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        205.40 kN. 

                 Vuy               205.40 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        413.01 kN. 

                 Vuz               413.01 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56566e+000,  Lz   = 1.56566e+000,  Lb   = 1.56566e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1771.58     -1304.08      -803.25      -244.18       -61.78 

           ------------------------------------------------------------------------------- 

            TOTAL           -1771.58     -1304.08      -803.25      -244.18       -61.78 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1771.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.84 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0375 

              Pey    =  (Area*Fy)/Lambda^2       = 22336489.84 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0942 

              Pez    =  (Area*Fy)/Lambda^2       =  3548085.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1771.58           -1304.08            -244.18 

           ---------------------------------------------------------------- 

            TOTAL           -1771.58           -1304.08            -244.18 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1304.08 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -244.18 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3548085.6684 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.566 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2852e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3548085.6684 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         166.47 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21259.91 kN. 

           -. phiPn =  phi*Pn  =      19133.92 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1771.58 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19133.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.93 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.93 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1304.08 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny            11936.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                244.18 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.109  +  0.040 ] 

                      =  0.196  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        244.37 kN. 

                 Vuy               244.37 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        357.70 kN. 

                 Vuz               357.70 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43511e+000,  Lz   = 1.43511e+000,  Lb   = 1.43511e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1771.45      -801.94      -533.07       -62.00      -102.62 

           ------------------------------------------------------------------------------- 

            TOTAL           -1771.45      -801.94      -533.07       -62.00      -102.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1771.45 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26585113.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0863 

              Pez    =  (Area*Fy)/Lambda^2       =  4222967.03 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1771.45            -801.94             -62.00 

           ---------------------------------------------------------------- 

            TOTAL           -1771.45            -801.94             -62.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -801.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -62.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2788 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4222967.0339 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.435 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7199e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4222967.0339 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.45 kN. 

           -. phiPn =  phi*Pn  =      19141.61 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1771.45 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                801.94 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 62.00 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.067  +  0.010 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         91.23 kN. 

                 Vuy                91.23 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        297.79 kN. 

                 Vuz               297.79 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43529e+000,  Lz   = 1.43529e+000,  Lb   = 1.43529e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1818.30             563.85             215.10 

           ---------------------------------------------------------------- 

            TOTAL            1818.30             563.85             215.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      563.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      215.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1818.30 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                563.85 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                215.10 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.047  +  0.035 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         40.89 kN. 

                 Vuy                40.89 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        241.11 kN. 

                 Vuz               241.11 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43558e+000,  Lz   = 1.43558e+000,  Lb   = 1.43558e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1816.97             740.59             150.69 

           ---------------------------------------------------------------- 

            TOTAL            1816.97             740.59             150.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      740.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      150.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1816.97 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                740.59 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                150.69 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.062  +  0.025 ] 

                      =  0.117  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         46.71 kN. 

                 Vuy                46.71 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        183.52 kN. 

                 Vuz               183.52 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43507e+000,  Lz   = 1.43507e+000,  Lb   = 1.43507e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1815.76             741.80             150.83 

           ---------------------------------------------------------------- 

            TOTAL            1815.76             741.80             150.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      741.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      150.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1815.76 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                741.80 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                150.83 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.062  +  0.025 ] 

                      =  0.117  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        102.15 kN. 

                 Vuy               102.15 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        126.99 kN. 

                 Vuz               126.99 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56589e+000,  Lz   = 1.56589e+000,  Lb   = 1.56589e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1813.47             870.18             339.93 

           ---------------------------------------------------------------- 

            TOTAL            1813.47             870.18             339.93 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      870.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      339.93 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1813.47 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.93 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.93 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                870.18 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMny            11936.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                339.93 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.073  +  0.056 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2820 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        353.38 kN. 

                 Vuy               353.38 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         70.07 kN. 

                 Vuz                70.07 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56571e+000,  Lz   = 1.56571e+000,  Lb   = 1.56571e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1924.25             856.01             239.04 

           ---------------------------------------------------------------- 

            TOTAL            1924.25             856.01             239.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      856.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      239.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1924.25 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.93 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.93 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                856.01 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMny            11936.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2826 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                239.04 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.072  +  0.039 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =        237.31 kN. 

                 Vuy               237.31 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        125.88 kN. 

                 Vuz               125.88 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43503e+000,  Lz   = 1.43503e+000,  Lb   = 1.43503e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1923.08             860.14              49.98 

           ---------------------------------------------------------------- 

            TOTAL            1923.08             860.14              49.98 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      860.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       49.98 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1923.08 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                860.14 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 49.98 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.072  +  0.008 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         29.85 kN. 

                 Vuy                29.85 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        142.41 kN. 

                 Vuz               142.41 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43552e+000,  Lz   = 1.43552e+000,  Lb   = 1.43552e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1921.77             787.81              73.84 

           ---------------------------------------------------------------- 

            TOTAL            1921.77             787.81              73.84 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      787.81 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       73.84 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1921.77 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                787.81 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 73.84 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.066  +  0.012 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         27.70 kN. 

                 Vuy                27.70 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        184.48 kN. 

                 Vuz               184.48 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43540e+000,  Lz   = 1.43540e+000,  Lb   = 1.43540e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1920.57             680.28              88.53 

           ---------------------------------------------------------------- 

            TOTAL            1920.57             680.28              88.53 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      680.28 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       88.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1920.57 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                680.28 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 88.53 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.057  +  0.015 ] 

                      =  0.104  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         30.78 kN. 

                 Vuy                30.78 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        229.86 kN. 

                 Vuz               229.86 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43523e+000,  Lz   = 1.43523e+000,  Lb   = 1.43523e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1612.33      -392.17      -648.86       -65.43       -57.73 

           ------------------------------------------------------------------------------- 

            TOTAL           -1612.33      -392.17      -648.86       -65.43       -57.73 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1612.33 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26580725.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0863 

              Pez    =  (Area*Fy)/Lambda^2       =  4222270.00 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1612.33            -648.86             -57.73 

           ---------------------------------------------------------------- 

            TOTAL           -1612.33            -648.86             -57.73 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -648.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -57.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4222270.0021 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.435 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7194e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4222270.0021 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.45 kN. 

           -. phiPn =  phi*Pn  =      19141.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1612.33 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19141.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                648.86 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 57.73 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.054  +  0.010 ] 

                      =  0.106  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         77.00 kN. 

                 Vuy                77.00 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        287.70 kN. 

                 Vuz               287.70 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56557e+000,  Lz   = 1.56557e+000,  Lb   = 1.56557e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1612.97      -647.74     -1152.83       -58.14      -563.41 

           ------------------------------------------------------------------------------- 

            TOTAL           -1612.97      -647.74     -1152.83       -58.14      -563.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1612.97 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.84 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0375 

              Pey    =  (Area*Fy)/Lambda^2       = 22339251.15 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0942 

              Pez    =  (Area*Fy)/Lambda^2       =  3548524.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1612.97           -1152.83            -563.41 

           ---------------------------------------------------------------- 

            TOTAL           -1612.97           -1152.83            -563.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1152.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -563.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3548524.2945 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.566 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2855e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3548524.2945 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         166.49 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21259.92 kN. 

           -. phiPn =  phi*Pn  =      19133.92 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1612.97 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19133.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.93 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.93 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1152.83 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiMny            11936.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                563.41 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.097  +  0.093 ] 

                      =  0.231  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        371.24 kN. 

                 Vuy               371.24 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        346.76 kN. 

                 Vuz               346.76 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56611e+000,  Lz   = 1.56611e+000,  Lb   = 1.56611e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1628.61     -1178.72      -644.14      -538.84       -59.30 

           ------------------------------------------------------------------------------- 

            TOTAL           -1628.61     -1178.72      -644.14      -538.84       -59.30 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1628.61 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.84 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0375 

              Pey    =  (Area*Fy)/Lambda^2       = 22323812.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0942 

              Pez    =  (Area*Fy)/Lambda^2       =  3546071.99 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1628.61           -1178.72            -538.84 

           ---------------------------------------------------------------- 

            TOTAL           -1628.61           -1178.72            -538.84 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1178.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -538.84 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3546071.9865 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.566 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2839e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3546071.9865 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         166.38 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21259.88 kN. 

           -. phiPn =  phi*Pn  =      19133.89 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1628.61 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19133.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.93 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.93 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1178.72 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny            11936.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                538.84 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.099  +  0.089 ] 

                      =  0.230  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        357.56 kN. 

                 Vuy               357.56 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        364.82 kN. 

                 Vuz               364.82 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43452e+000,  Lz   = 1.43452e+000,  Lb   = 1.43452e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1629.24      -645.04      -374.16       -59.71       -70.84 

           ------------------------------------------------------------------------------- 

            TOTAL           -1629.24      -645.04      -374.16       -59.71       -70.84 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1629.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26607088.53 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0863 

              Pez    =  (Area*Fy)/Lambda^2       =  4226457.70 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1629.24            -645.04             -59.71 

           ---------------------------------------------------------------- 

            TOTAL           -1629.24            -645.04             -59.71 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -645.04 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -59.71 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4226457.7015 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.435 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7221e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4226457.7015 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.30 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.49 kN. 

           -. phiPn =  phi*Pn  =      19141.64 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1629.24 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                645.04 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMny            11938.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 59.71 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.054  +  0.010 ] 

                      =  0.106  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         73.96 kN. 

                 Vuy                73.96 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        303.55 kN. 

                 Vuz               303.55 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43580e+000,  Lz   = 1.43580e+000,  Lb   = 1.43580e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1925.32             714.97              87.90 

           ---------------------------------------------------------------- 

            TOTAL            1925.32             714.97              87.90 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      714.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       87.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1925.32 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                714.97 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 87.90 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.060  +  0.014 ] 

                      =  0.107  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         30.41 kN. 

                 Vuy                30.41 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        248.38 kN. 

                 Vuz               248.38 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43504e+000,  Lz   = 1.43504e+000,  Lb   = 1.43504e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1923.88             853.15              69.95 

           ---------------------------------------------------------------- 

            TOTAL            1923.88             853.15              69.95 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      853.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       69.95 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1923.88 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                853.15 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 69.95 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.071  +  0.012 ] 

                      =  0.115  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         31.17 kN. 

                 Vuy                31.17 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        190.51 kN. 

                 Vuz               190.51 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43531e+000,  Lz   = 1.43531e+000,  Lb   = 1.43531e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1922.24             933.83              39.18 

           ---------------------------------------------------------------- 

            TOTAL            1922.24             933.83              39.18 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      933.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       39.18 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1922.24 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                933.83 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 39.18 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.078  +  0.006 ] 

                      =  0.117  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         35.97 kN. 

                 Vuy                35.97 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        136.84 kN. 

                 Vuz               136.84 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56541e+000,  Lz   = 1.56541e+000,  Lb   = 1.56541e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1920.28             973.33             258.56 

           ---------------------------------------------------------------- 

            TOTAL            1920.28             973.33             258.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      973.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      258.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1920.28 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.93 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.93 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                973.33 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMny            11936.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                258.56 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.082  +  0.043 ] 

                      =  0.156  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        247.21 kN. 

                 Vuy               247.21 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =         99.14 kN. 

                 Vuz                99.14 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9083,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56633e+000,  Lz   = 1.56633e+000,  Lb   = 1.56633e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1822.93            1005.17             319.17 

           ---------------------------------------------------------------- 

            TOTAL            1822.93            1005.17             319.17 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2924 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1005.17 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      319.17 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1822.93 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.92 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1005.17 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMny            11936.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                319.17 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.084  +  0.053 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        340.41 kN. 

                 Vuy               340.41 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         63.62 kN. 

                 Vuz                63.62 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2929 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9084,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43509e+000,  Lz   = 1.43509e+000,  Lb   = 1.43509e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1821.99             905.41             140.06 

           ---------------------------------------------------------------- 

            TOTAL            1821.99             905.41             140.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      905.41 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      140.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1821.99 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                905.41 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                140.06 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.076  +  0.023 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         92.42 kN. 

                 Vuy                92.42 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        122.37 kN. 

                 Vuz               122.37 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9085,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43470e+000,  Lz   = 1.43470e+000,  Lb   = 1.43470e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1821.46             904.15             140.25 

           ---------------------------------------------------------------- 

            TOTAL            1821.46             904.15             140.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      904.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      140.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1821.46 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                904.15 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                140.25 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.076  +  0.023 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         58.07 kN. 

                 Vuy                58.07 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        178.91 kN. 

                 Vuz               178.91 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9086,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43532e+000,  Lz   = 1.43532e+000,  Lb   = 1.43532e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1820.62             748.80             200.35 

           ---------------------------------------------------------------- 

            TOTAL            1820.62             748.80             200.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      748.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      200.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1820.62 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                748.80 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                200.35 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.063  +  0.033 ] 

                      =  0.126  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         31.32 kN. 

                 Vuy                31.32 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        234.32 kN. 

                 Vuz               234.32 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43510e+000,  Lz   = 1.43510e+000,  Lb   = 1.43510e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1830.82      -511.17      -779.71       -86.24       -59.05 

           ------------------------------------------------------------------------------- 

            TOTAL           -1830.82      -511.17      -779.71       -86.24       -59.05 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1830.82 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26585526.58 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0863 

              Pez    =  (Area*Fy)/Lambda^2       =  4223032.65 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1830.82            -779.71             -59.05 

           ---------------------------------------------------------------- 

            TOTAL           -1830.82            -779.71             -59.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -779.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -59.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4223032.6487 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.435 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7199e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4223032.6487 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.45 kN. 

           -. phiPn =  phi*Pn  =      19141.61 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1830.82 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            19141.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                779.71 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 59.05 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.065  +  0.010 ] 

                      =  0.123  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         75.49 kN. 

                 Vuy                75.49 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        291.96 kN. 

                 Vuz               291.96 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56629e+000,  Lz   = 1.56629e+000,  Lb   = 1.56629e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1832.82      -781.32     -1289.11       -59.17      -237.56 

           ------------------------------------------------------------------------------- 

            TOTAL           -1832.82      -781.32     -1289.11       -59.17      -237.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2963 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1832.82 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.84 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0375 

              Pey    =  (Area*Fy)/Lambda^2       = 22318717.15 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0942 

              Pez    =  (Area*Fy)/Lambda^2       =  3545262.53 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1832.82           -1289.11            -237.56 

           ---------------------------------------------------------------- 

            TOTAL           -1832.82           -1289.11            -237.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1289.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -237.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3545262.5292 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.566 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2834e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3545262.5292 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         166.34 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21259.87 kN. 

           -. phiPn =  phi*Pn  =      19133.88 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1832.82 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            19133.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.92 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1289.11 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiMny            11936.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                237.56 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.108  +  0.039 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        240.27 kN. 

                 Vuy               240.27 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        352.33 kN. 

                 Vuz               352.33 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.07271e+000,  Lz   = 3.07271e+000,  Lb   = 3.07271e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -384.01     -1670.21      -631.22      -249.90      -163.67 

           ------------------------------------------------------------------------------- 

            TOTAL            -384.01     -1670.21      -631.22      -249.90      -163.67 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2974 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      384.01 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.57 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0737 

              Pey    =  (Area*Fy)/Lambda^2       =  5799208.96 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1848 

              Pez    =  (Area*Fy)/Lambda^2       =   921187.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -384.01           -1670.21            -249.90 

           ---------------------------------------------------------------- 

            TOTAL            -384.01           -1670.21            -249.90 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1670.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -249.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  921187.2739 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.073 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9330e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  921187.2739 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21108.03 kN. 

           -. phiPn =  phi*Pn  =      18997.22 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                384.01 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            18997.22 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11918.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11918.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1670.21 

           -. --------  =  ---------------  =  0.140  <  1.000  --->  O.K. 

               phiMny            11918.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                249.90 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             6073.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.140  +  0.041 ] 

                      =  0.191  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        175.93 kN. 

                 Vuy               175.93 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        462.63 kN. 

                 Vuz               462.63 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2983 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9090,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.65344e+000,  Lz   = 1.65344e+000,  Lb   = 1.65344e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -874.09      -909.50      -885.41      -293.75       -75.42 

           ------------------------------------------------------------------------------- 

            TOTAL            -874.09      -909.50      -885.41      -293.75       -75.42 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 2985 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      874.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.00 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0396 

              Pey    =  (Area*Fy)/Lambda^2       = 20027869.23 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0994 

              Pez    =  (Area*Fy)/Lambda^2       =  3181368.08 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -874.09            -909.50            -293.75 

           ---------------------------------------------------------------- 

            TOTAL            -874.09            -909.50            -293.75 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -909.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -293.75 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3181368.0788 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.653 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0490e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3181368.0788 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         149.27 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21253.75 kN. 

           -. phiPn =  phi*Pn  =      19128.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                874.09 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            19128.37 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11935.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11935.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                909.50 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiMny            11935.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                293.75 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             6075.37 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.076  +  0.048 ] 

                      =  0.147  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        150.56 kN. 

                 Vuy               150.56 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        424.85 kN. 

                 Vuz               424.85 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9091,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49106e+000,  Lz   = 1.49106e+000,  Lb   = 1.49106e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -355.04     -1238.52     -1666.03      -141.23      -109.70 

           ------------------------------------------------------------------------------- 

            TOTAL            -355.04     -1238.52     -1666.03      -141.23      -109.70 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      355.04 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24627416.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0897 

              Pez    =  (Area*Fy)/Lambda^2       =  3911992.55 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -355.04           -1666.03            -109.70 

           ---------------------------------------------------------------- 

            TOTAL            -355.04           -1666.03            -109.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1666.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -109.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3911992.5455 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.491 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5196e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3001 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3911992.5455 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.55 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.88 kN. 

           -. phiPn =  phi*Pn  =      19138.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                355.04 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1666.03 

           -. --------  =  ---------------  =  0.140  <  1.000  --->  O.K. 

               phiMny            11937.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                109.70 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.140  +  0.018 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         33.96 kN. 

                 Vuy                33.96 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        405.85 kN. 

                 Vuz               405.85 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9092,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40623e+000,  Lz   = 1.40623e+000,  Lb   = 1.40623e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -587.95     -1865.47     -1113.74      -140.09       -32.82 

           ------------------------------------------------------------------------------- 

            TOTAL            -587.95     -1865.47     -1113.74      -140.09       -32.82 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3007 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      587.95 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27688541.31 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4398243.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -587.95           -1865.47            -140.09 

           ---------------------------------------------------------------- 

            TOTAL            -587.95           -1865.47            -140.09 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1865.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -140.09 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4398243.2915 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8327e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4398243.2915 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.36 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.24 kN. 

           -. phiPn =  phi*Pn  =      19143.22 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                587.95 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19143.22 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1865.47 

           -. --------  =  ---------------  =  0.156  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                140.09 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.156  +  0.023 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        117.02 kN. 

                 Vuy               117.02 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        565.82 kN. 

                 Vuz               565.82 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9093,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40645e+000,  Lz   = 1.40645e+000,  Lb   = 1.40645e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2068.46      -828.62      -711.05      -132.83       -82.16 

           ------------------------------------------------------------------------------- 

            TOTAL           -2068.46      -828.62      -711.05      -132.83       -82.16 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2068.46 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27679652.91 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4396831.40 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2068.46            -828.62            -132.83 

           ---------------------------------------------------------------- 

            TOTAL           -2068.46            -828.62            -132.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -828.62 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -132.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4396831.3953 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8318e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4396831.3953 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.23 kN. 

           -. phiPn =  phi*Pn  =      19143.21 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2068.46 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            19143.21 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                828.62 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                132.83 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.069  +  0.022 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         88.46 kN. 

                 Vuy                88.46 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        526.66 kN. 

                 Vuz               526.66 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9094,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53420e+000,  Lz   = 1.53420e+000,  Lb   = 1.53420e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2070.24      -712.47      -808.63       -82.76      -420.23 

           ------------------------------------------------------------------------------- 

            TOTAL           -2070.24      -712.47      -808.63       -82.76      -420.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2070.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.78 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0368 

              Pey    =  (Area*Fy)/Lambda^2       = 23261879.73 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0923 

              Pez    =  (Area*Fy)/Lambda^2       =  3695081.13 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2070.24            -808.63            -420.23 

           ---------------------------------------------------------------- 

            TOTAL           -2070.24            -808.63            -420.23 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -808.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -420.23 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3695081.1289 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.534 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.3799e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3695081.1289 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         173.37 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21262.04 kN. 

           -. phiPn =  phi*Pn  =      19135.83 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2070.24 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            19135.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.32 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                808.63 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMny            11937.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                420.23 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.068  +  0.069 ] 

                      =  0.191  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        327.77 kN. 

                 Vuy               327.77 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        580.15 kN. 

                 Vuz               580.15 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9095,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.58526e+000,  Lz   = 1.58526e+000,  Lb   = 1.58526e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1635.78      -655.45      -417.46      -324.01      -122.34 

           ------------------------------------------------------------------------------- 

            TOTAL           -1635.78      -655.45      -417.46      -324.01      -122.34 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1635.78 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0380 

              Pey    =  (Area*Fy)/Lambda^2       = 21787556.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.21 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0953 

              Pez    =  (Area*Fy)/Lambda^2       =  3460889.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1635.78            -655.45            -324.01 

           ---------------------------------------------------------------- 

            TOTAL           -1635.78            -655.45            -324.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -655.45 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -324.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3460889.1699 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.585 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2290e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3460889.1699 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         162.38 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.56 kN. 

           -. phiPn =  phi*Pn  =      19132.71 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1635.78 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19132.71 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.69 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                655.45 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMny            11936.69 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                324.01 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.055  +  0.053 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        310.30 kN. 

                 Vuy               310.30 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        245.31 kN. 

                 Vuz               245.31 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9096,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49304e+000,  Lz   = 1.49304e+000,  Lb   = 1.49304e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1637.51      -418.41      -301.68      -123.13      -158.58 

           ------------------------------------------------------------------------------- 

            TOTAL           -1637.51      -418.41      -301.68      -123.13      -158.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1637.51 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.71 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0358 

              Pey    =  (Area*Fy)/Lambda^2       = 24562178.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0898 

              Pez    =  (Area*Fy)/Lambda^2       =  3901629.82 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1637.51            -418.41            -123.13 

           ---------------------------------------------------------------- 

            TOTAL           -1637.51            -418.41            -123.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -418.41 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -123.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3901629.8210 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.493 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5129e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3901629.8210 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.75 kN. 

           -. phiPn =  phi*Pn  =      19138.28 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1637.51 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19138.28 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.82 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.82 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                418.41 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMny            11937.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                123.13 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.035  +  0.020 ] 

                      =  0.098  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         49.14 kN. 

                 Vuy                49.14 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        180.98 kN. 

                 Vuz               180.98 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9097,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.58571e+000,  Lz   = 1.58571e+000,  Lb   = 1.58571e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1639.23      -302.71      -295.07      -159.46      -138.81 

           ------------------------------------------------------------------------------- 

            TOTAL           -1639.23      -302.71      -295.07      -159.46      -138.81 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1639.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0380 

              Pey    =  (Area*Fy)/Lambda^2       = 21775381.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.22 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0954 

              Pez    =  (Area*Fy)/Lambda^2       =  3458955.34 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1639.23            -302.71            -159.46 

           ---------------------------------------------------------------- 

            TOTAL           -1639.23            -302.71            -159.46 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -302.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -159.46 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3458955.3370 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.586 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2278e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3458955.3370 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         162.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.53 kN. 

           -. phiPn =  phi*Pn  =      19132.68 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1639.23 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19132.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.68 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                302.71 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMny            11936.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                159.46 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.025  +  0.026 ] 

                      =  0.094  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        228.75 kN. 

                 Vuy               228.75 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        127.24 kN. 

                 Vuz               127.24 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =  11001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.00075e+000,  Lz   = 2.00075e+000,  Lb   = 2.00075e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -261.84      -331.67     -1190.87      -415.76      -170.28 

           ------------------------------------------------------------------------------- 

            TOTAL            -261.84      -331.67     -1190.87      -415.76      -170.28 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      261.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1055 

              Pey    =  (Area*Fy)/Lambda^2       =  2140622.73 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.37 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0709 

              Pez    =  (Area*Fy)/Lambda^2       =  4731362.03 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -261.84           -1190.87            -170.28 

           ---------------------------------------------------------------- 

            TOTAL            -261.84           -1190.87            -170.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1190.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -170.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2140622.7326 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.001 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4427e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 2140622.7326 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          99.31 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21464.95 kN. 

           -. phiPn =  phi*Pn  =      19318.46 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                261.84 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19318.46 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4986.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4986.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1190.87 

           -. --------  =  ---------------  =  0.239  <  1.000  --->  O.K. 

               phiMny             4986.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6608.38 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6608.38 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6608.38 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                170.28 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6608.38 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.239  +  0.026 ] 

                      =  0.271  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        263.06 kN. 

                 Vuy               263.06 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        476.65 kN. 

                 Vuz               476.65 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00005e+000,  Lz   = 4.00005e+000,  Lb   = 4.00005e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       164.02              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             164.02              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                164.02 

           -. -------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.114  +  0.000 ] 

                      =  0.139  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00012e+000,  Lz   = 4.00012e+000,  Lb   = 4.00012e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        51.71              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              51.71              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 51.71 

           -. -------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.110  +  0.000 ] 

                      =  0.118  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3106 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99946e+000,  Lz   = 3.99946e+000,  Lb   = 3.99946e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        21.84              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              21.84              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 21.84 

           -. -------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.88 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.88 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.88 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.110  +  0.000 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11005,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00028e+000,  Lz   = 4.00028e+000,  Lb   = 4.00028e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       130.76              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL             130.76              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                130.76 

           -. -------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.110  +  0.000 ] 

                      =  0.130  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11006,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00036e+000,  Lz   = 4.00036e+000,  Lb   = 4.00036e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       284.30              45.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             284.30              45.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                284.30 

           -. -------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.15 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.85 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3139 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.114  +  0.000 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3142 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64012e+000,  Lz   = 1.64012e+000,  Lb   = 1.64012e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1952.58      -301.17      -908.42       -27.68       -23.74 

           ------------------------------------------------------------------------------- 

            TOTAL           -1952.58      -301.17      -908.42       -27.68       -23.74 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1952.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.16 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0946 

              Pey    =  (Area*Fy)/Lambda^2       =  2053510.02 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1092 

              Pez    =  (Area*Fy)/Lambda^2       =  1541849.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1952.58            -908.42             -23.74 

           ---------------------------------------------------------------- 

            TOTAL           -1952.58            -908.42             -23.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -908.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -23.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3147 DE 12066 

 

 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1541849.8296 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.640 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.9784e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1541849.8296 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          83.91 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18282.89 kN. 

           -. phiPn =  phi*Pn  =      16454.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1952.58 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16454.60 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                908.42 

           -. --------  =  ---------------  =  0.283  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 23.74 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             2895.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.059 + [  0.283  +  0.008 ] 

                      =  0.350  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        105.28 kN. 

                 Vuy               105.28 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        665.01 kN. 

                 Vuz               665.01 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00001e+000,  Lz   = 4.00001e+000,  Lb   = 4.00001e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       271.06              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             271.06              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                271.06 

           -. -------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.114  +  0.000 ] 

                      =  0.155  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00075e+000,  Lz   = 4.00075e+000,  Lb   = 4.00075e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        99.29              43.36               0.00 

           ---------------------------------------------------------------- 

            TOTAL              99.29              43.36               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 99.29 

           -. -------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.84 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.84 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.36 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.84 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.110  +  0.000 ] 

                      =  0.125  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99948e+000,  Lz   = 3.99948e+000,  Lb   = 3.99948e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        25.45              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              25.45              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 25.45 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.88 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.88 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.88 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.110  +  0.000 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00035e+000,  Lz   = 4.00035e+000,  Lb   = 4.00035e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        17.66              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              17.66              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 17.66 

           -. -------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3195 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3199 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.110  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00047e+000,  Lz   = 4.00047e+000,  Lb   = 4.00047e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       218.61              45.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             218.61              45.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                218.61 

           -. -------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3207 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.15 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.114  +  0.000 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3212 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.15 kN. 

                 Vuz                45.15 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00003e+000,  Lz   = 4.00003e+000,  Lb   = 4.00003e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1731.16      -372.01      -607.01       -16.46       -19.81 

           ------------------------------------------------------------------------------- 

            TOTAL           -1731.16      -372.01      -607.01       -16.46       -19.81 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1731.16 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       17.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2294 

              Pey    =  (Area*Fy)/Lambda^2       =   306907.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       20.02 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2646 

              Pez    =  (Area*Fy)/Lambda^2       =   230815.55 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1731.16            -607.01             -19.81 

           ---------------------------------------------------------------- 

            TOTAL           -1731.16            -607.01             -19.81 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -607.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -19.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    20.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  230815.5472 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.3259e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  230815.5472 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          14.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15690.87 kN. 

           -. phiPn =  phi*Pn  =      14121.78 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1731.16 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            14121.78 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3220 DE 12066 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.09 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                607.01 

           -. --------  =  ---------------  =  0.213  <  1.000  --->  O.K. 

               phiMny             2851.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 19.81 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.213  +  0.008 ] 

                      =  0.282  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         27.41 kN. 

                 Vuy                27.41 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        259.27 kN. 

                 Vuz               259.27 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99984e+000,  Lz   = 3.99984e+000,  Lb   = 3.99984e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       254.98              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             254.98              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                254.98 

           -. -------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3229 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.87 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3233 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.114  +  0.000 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99967e+000,  Lz   = 3.99967e+000,  Lb   = 3.99967e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        58.20              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              58.20              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 58.20 

           -. -------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3239 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.110  +  0.000 ] 

                      =  0.119  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99994e+000,  Lz   = 3.99994e+000,  Lb   = 3.99994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        32.94              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              32.94              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 32.94 

           -. -------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.110  +  0.000 ] 

                      =  0.115  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99898e+000,  Lz   = 3.99898e+000,  Lb   = 3.99898e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        62.04              43.32               0.00 

           ---------------------------------------------------------------- 

            TOTAL              62.04              43.32               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 62.04 

           -. -------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.90 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.90 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.90 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.90 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.32 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.90 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.110  +  0.000 ] 

                      =  0.119  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99943e+000,  Lz   = 3.99943e+000,  Lb   = 3.99943e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       153.88              45.13               0.00 

           ---------------------------------------------------------------- 

            TOTAL             153.88              45.13               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                153.88 

           -. -------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.88 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.88 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.13 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.88 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.114  +  0.000 ] 

                      =  0.138  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.13 kN. 

                 Vuz                45.13 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63989e+000,  Lz   = 1.63989e+000,  Lb   = 1.63989e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       569.06            1206.52             198.83 

           ---------------------------------------------------------------- 

            TOTAL             569.06            1206.52             198.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1206.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      198.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                569.06 

           -. -------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1206.52 

           -. --------  =  ---------------  =  0.376  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                198.83 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.376  +  0.069 ] 

                      =  0.461  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        185.58 kN. 

                 Vuy               185.58 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3290 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        790.95 kN. 

                 Vuz               790.95 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.35076e+000,  Lz   = 1.35076e+000,  Lb   = 1.35076e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       646.41               5.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             646.41               5.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                646.41 

           -. -------  =  ---------------  =  0.196  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.19 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.19 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.19 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.19 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.15 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.19 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.098 + [  0.011  +  0.000 ] 

                      =  0.109  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.24 kN. 

                 Vuz                15.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90103e-001,  Lz   = 4.90103e-001,  Lb   = 4.90103e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       497.20               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             497.20               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                497.20 

           -. -------  =  ---------------  =  0.151  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.001  +  0.000 ] 

                      =  0.077  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3313 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25004e+000,  Lz   = 4.25004e+000,  Lb   = 4.25004e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       336.78              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             336.78              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                336.78 

           -. -------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3319 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3321 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.127  +  0.000 ] 

                      =  0.178  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25002e+000,  Lz   = 4.25002e+000,  Lb   = 4.25002e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       194.78              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             194.78              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                194.78 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.127  +  0.000 ] 

                      =  0.156  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24943e+000,  Lz   = 4.24943e+000,  Lb   = 4.24943e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       276.02              50.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             276.02              50.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                276.02 

           -. -------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.94 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.132  +  0.000 ] 

                      =  0.174  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.95 kN. 

                 Vuz                47.95 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11025,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24952e+000,  Lz   = 4.24952e+000,  Lb   = 4.24952e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1310.01             943.96              47.97 

           ---------------------------------------------------------------- 

            TOTAL            1310.01             943.96              47.97 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      943.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       47.97 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    21.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1310.01 

           -. -------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                943.96 

           -. --------  =  ---------------  =  0.331  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 47.97 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.331  +  0.019 ] 

                      =  0.392  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         32.10 kN. 

                 Vuy                32.10 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        355.30 kN. 

                 Vuz               355.30 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11026,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24988e+000,  Lz   = 4.24988e+000,  Lb   = 4.24988e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       232.31              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             232.31              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                232.31 

           -. -------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.132  +  0.000 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11027,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24983e+000,  Lz   = 4.24983e+000,  Lb   = 4.24983e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        56.94              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL              56.94              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 56.94 

           -. -------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3375 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.127  +  0.000 ] 

                      =  0.135  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3380 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11028,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25016e+000,  Lz   = 4.25016e+000,  Lb   = 4.25016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES         8.58              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL               8.58              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                  8.58 

           -. -------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3388 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3391 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.001 + [  0.127  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11029,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25056e+000,  Lz   = 4.25056e+000,  Lb   = 4.25056e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       103.37              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             103.37              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                103.37 

           -. -------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3399 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.60 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.60 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.60 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.127  +  0.000 ] 

                      =  0.142  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25021e+000,  Lz   = 4.25021e+000,  Lb   = 4.25021e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       369.40              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             369.40              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                369.40 

           -. -------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3412 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3415 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.132  +  0.000 ] 

                      =  0.188  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88956e+000,  Lz   = 1.88956e+000,  Lb   = 1.88956e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2296.40      -285.78     -1475.83       -18.64       -16.60 

           ------------------------------------------------------------------------------- 

            TOTAL           -2296.40      -285.78     -1475.83       -18.64       -16.60 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2296.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1547119.34 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1258 

              Pez    =  (Area*Fy)/Lambda^2       =  1161633.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2296.40           -1475.83             -16.60 

           ---------------------------------------------------------------- 

            TOTAL           -2296.40           -1475.83             -16.60 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1475.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -16.60 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1161633.3340 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.890 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0109e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1161633.3340 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18253.07 kN. 

           -. phiPn =  phi*Pn  =      16427.76 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2296.40 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            16427.76 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1475.83 

           -. --------  =  ---------------  =  0.459  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 16.60 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.070 + [  0.459  +  0.006 ] 

                      =  0.535  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         40.13 kN. 

                 Vuy                40.13 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =       1014.97 kN. 

                 Vuz              1014.97 

           -. --------  =  ---------------  =  0.167  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25019e+000,  Lz   = 4.25019e+000,  Lb   = 4.25019e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       376.26              43.85               0.00 

           ---------------------------------------------------------------- 

            TOTAL             376.26              43.85               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                376.26 

           -. -------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.85 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.057 + [  0.113  +  0.000 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         41.27 kN. 

                 Vuz                41.27 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25022e+000,  Lz   = 4.25022e+000,  Lb   = 4.25022e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       130.92              41.48               0.00 

           ---------------------------------------------------------------- 

            TOTAL             130.92              41.48               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                130.92 

           -. -------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.48 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.107  +  0.000 ] 

                      =  0.127  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.04 kN. 

                 Vuz                39.04 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25029e+000,  Lz   = 4.25029e+000,  Lb   = 4.25029e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        43.22              41.48               0.00 

           ---------------------------------------------------------------- 

            TOTAL              43.22              41.48               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 43.22 

           -. -------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.48 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.107  +  0.000 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.04 kN. 

                 Vuz                39.04 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24953e+000,  Lz   = 4.24953e+000,  Lb   = 4.24953e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       104.38              41.47               0.00 

           ---------------------------------------------------------------- 

            TOTAL             104.38              41.47               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                104.38 

           -. -------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3471 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.47 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.107  +  0.000 ] 

                      =  0.123  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.03 kN. 

                 Vuz                39.03 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25002e+000,  Lz   = 4.25002e+000,  Lb   = 4.25002e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       293.96              43.85               0.00 

           ---------------------------------------------------------------- 

            TOTAL             293.96              43.85               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                293.96 

           -. -------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.85 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.113  +  0.000 ] 

                      =  0.158  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         41.27 kN. 

                 Vuz                41.27 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25029e+000,  Lz   = 4.25029e+000,  Lb   = 4.25029e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1974.79      -760.11      -375.91       -16.12       -18.70 

           ------------------------------------------------------------------------------- 

            TOTAL           -1974.79      -760.11      -375.91       -16.12       -18.70 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1974.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271829.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204434.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1974.79            -760.11             -16.12 

           ---------------------------------------------------------------- 

            TOTAL           -1974.79            -760.11             -16.12 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -760.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -16.12 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204434.1221 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1743e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204434.1221 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.65 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.66 kN. 

           -. phiPn =  phi*Pn  =      14068.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1974.79 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            14068.49 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                760.11 

           -. --------  =  ---------------  =  0.267  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.33 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.33 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.33 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 16.12 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             2574.33 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.070 + [  0.267  +  0.006 ] 

                      =  0.343  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         12.20 kN. 

                 Vuy                12.20 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        200.92 kN. 

                 Vuz               200.92 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25068e+000,  Lz   = 4.25068e+000,  Lb   = 4.25068e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       289.59              43.86               0.00 

           ---------------------------------------------------------------- 

            TOTAL             289.59              43.86               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                289.59 

           -. -------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.60 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.60 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.86 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny              386.60 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3508 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3509 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.113  +  0.000 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         41.27 kN. 

                 Vuz                41.27 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24968e+000,  Lz   = 4.24968e+000,  Lb   = 4.24968e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       103.82              41.47               0.00 

           ---------------------------------------------------------------- 

            TOTAL             103.82              41.47               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                103.82 

           -. -------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3518 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.47 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.107  +  0.000 ] 

                      =  0.123  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         39.03 kN. 

                 Vuz                39.03 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24974e+000,  Lz   = 4.24974e+000,  Lb   = 4.24974e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        52.00              41.47               0.00 

           ---------------------------------------------------------------- 

            TOTAL              52.00              41.47               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 52.00 

           -. -------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.47 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3533 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.107  +  0.000 ] 

                      =  0.115  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         39.03 kN. 

                 Vuz                39.03 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24997e+000,  Lz   = 4.24997e+000,  Lb   = 4.24997e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       142.95              41.48               0.00 

           ---------------------------------------------------------------- 

            TOTAL             142.95              41.48               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                142.95 

           -. -------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.48 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.107  +  0.000 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.04 kN. 

                 Vuz                39.04 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3547 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24936e+000,  Lz   = 4.24936e+000,  Lb   = 4.24936e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       379.44              43.83               0.00 

           ---------------------------------------------------------------- 

            TOTAL             379.44              43.83               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                379.44 

           -. -------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3551 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3553 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.83 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny              386.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.113  +  0.000 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         41.26 kN. 

                 Vuz                41.26 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88960e+000,  Lz   = 1.88960e+000,  Lb   = 1.88960e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2529.23      -409.43     -1446.09       -29.79       -13.79 

           ------------------------------------------------------------------------------- 

            TOTAL           -2529.23      -409.43     -1446.09       -29.79       -13.79 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2529.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1547063.02 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1258 

              Pez    =  (Area*Fy)/Lambda^2       =  1161591.04 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2529.23           -1446.09             -13.79 

           ---------------------------------------------------------------- 

            TOTAL           -2529.23           -1446.09             -13.79 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3562 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1446.09 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -13.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1161591.0404 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.890 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0107e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1161591.0404 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18253.06 kN. 

           -. phiPn =  phi*Pn  =      16427.76 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2529.23 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            16427.76 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3566 DE 12066 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1446.09 

           -. --------  =  ---------------  =  0.450  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 13.79 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.077 + [  0.450  +  0.005 ] 

                      =  0.532  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         44.08 kN. 

                 Vuy                44.08 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        939.73 kN. 

                 Vuz               939.73 

           -. --------  =  ---------------  =  0.154  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25025e+000,  Lz   = 4.25025e+000,  Lb   = 4.25025e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       352.36              45.88               0.00 

           ---------------------------------------------------------------- 

            TOTAL             352.36              45.88               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                352.36 

           -. -------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3577 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.88 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.119  +  0.000 ] 

                      =  0.172  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.18 kN. 

                 Vuz                43.18 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3582 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25013e+000,  Lz   = 4.25013e+000,  Lb   = 4.25013e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       146.03              42.16               0.00 

           ---------------------------------------------------------------- 

            TOTAL             146.03              42.16               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       42.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                146.03 

           -. -------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3590 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 42.16 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.109  +  0.000 ] 

                      =  0.131  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.67 kN. 

                 Vuz                39.67 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24921e+000,  Lz   = 4.24921e+000,  Lb   = 4.24921e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       123.09              42.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             123.09              42.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       42.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                123.09 

           -. -------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.65 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.65 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.65 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.65 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 42.14 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              386.65 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.109  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         39.67 kN. 

                 Vuz                39.67 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25045e+000,  Lz   = 4.25045e+000,  Lb   = 4.25045e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       283.33              45.89               0.00 

           ---------------------------------------------------------------- 

            TOTAL             283.33              45.89               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.89 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                283.33 

           -. -------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.89 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.119  +  0.000 ] 

                      =  0.162  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.18 kN. 

                 Vuz                43.18 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24975e+000,  Lz   = 4.24975e+000,  Lb   = 4.24975e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2162.13      -728.24      -412.64       -15.44       -20.10 

           ------------------------------------------------------------------------------- 

            TOTAL           -2162.13      -728.24      -412.64       -15.44       -20.10 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2162.13 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271897.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204485.93 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2162.13            -728.24             -15.44 

           ---------------------------------------------------------------- 

            TOTAL           -2162.13            -728.24             -15.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -728.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -15.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204485.9313 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1746e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204485.9313 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.79 kN. 

           -. phiPn =  phi*Pn  =      14068.61 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2162.13 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            14068.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                728.24 

           -. --------  =  ---------------  =  0.255  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 15.44 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.077 + [  0.255  +  0.006 ] 

                      =  0.338  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =          9.89 kN. 

                 Vuy                 9.89 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        172.71 kN. 

                 Vuz               172.71 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25027e+000,  Lz   = 4.25027e+000,  Lb   = 4.25027e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       283.62              45.88               0.00 

           ---------------------------------------------------------------- 

            TOTAL             283.62              45.88               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                283.62 

           -. -------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3632 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.88 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.119  +  0.000 ] 

                      =  0.162  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.18 kN. 

                 Vuz                43.18 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25006e+000,  Lz   = 4.25006e+000,  Lb   = 4.25006e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       125.89              42.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             125.89              42.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       42.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                125.89 

           -. -------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 42.15 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.109  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.67 kN. 

                 Vuz                39.67 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25000e+000,  Lz   = 4.25000e+000,  Lb   = 4.25000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       151.74              42.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             151.74              42.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       42.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                151.74 

           -. -------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3658 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 42.15 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.109  +  0.000 ] 

                      =  0.132  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.67 kN. 

                 Vuz                39.67 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24911e+000,  Lz   = 4.24911e+000,  Lb   = 4.24911e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       352.40              45.86               0.00 

           ---------------------------------------------------------------- 

            TOTAL             352.40              45.86               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                352.40 

           -. -------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3668 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3673 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.65 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.65 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.65 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.65 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.86 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              386.65 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.119  +  0.000 ] 

                      =  0.172  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.17 kN. 

                 Vuz                43.17 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88919e+000,  Lz   = 1.88919e+000,  Lb   = 1.88919e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2418.41      -350.74     -1363.22       -44.38       -16.99 

           ------------------------------------------------------------------------------- 

            TOTAL           -2418.41      -350.74     -1363.22       -44.38       -16.99 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2418.41 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.24 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1547721.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1257 

              Pez    =  (Area*Fy)/Lambda^2       =  1162085.74 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2418.41           -1363.22             -16.99 

           ---------------------------------------------------------------- 

            TOTAL           -2418.41           -1363.22             -16.99 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1363.22 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -16.99 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1162085.7430 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.889 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0133e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1162085.7430 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.25 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18253.12 kN. 

           -. phiPn =  phi*Pn  =      16427.80 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2418.41 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            16427.80 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1363.22 

           -. --------  =  ---------------  =  0.424  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 16.99 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.074 + [  0.424  +  0.006 ] 

                      =  0.504  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         37.83 kN. 

                 Vuy                37.83 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        903.59 kN. 

                 Vuz               903.59 

           -. --------  =  ---------------  =  0.148  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25008e+000,  Lz   = 4.25008e+000,  Lb   = 4.25008e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       354.96              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             354.96              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                354.96 

           -. -------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.132  +  0.000 ] 

                      =  0.186  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24987e+000,  Lz   = 4.24987e+000,  Lb   = 4.24987e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       108.14              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             108.14              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                108.14 

           -. -------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3709 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.127  +  0.000 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24990e+000,  Lz   = 4.24990e+000,  Lb   = 4.24990e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        14.26              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL              14.26              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 14.26 

           -. -------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3719 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.002 + [  0.127  +  0.000 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25016e+000,  Lz   = 4.25016e+000,  Lb   = 4.25016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        59.92              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL              59.92              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 59.92 

           -. -------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.127  +  0.000 ] 

                      =  0.136  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24965e+000,  Lz   = 4.24965e+000,  Lb   = 4.24965e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       233.76              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             233.76              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                233.76 

           -. -------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.63 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3745 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.132  +  0.000 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25048e+000,  Lz   = 4.25048e+000,  Lb   = 4.25048e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1333.71             922.84              32.88 

           ---------------------------------------------------------------- 

            TOTAL            1333.71             922.84              32.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      922.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       32.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    21.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1333.71 

           -. -------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                922.84 

           -. --------  =  ---------------  =  0.324  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.33 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.33 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.33 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 32.88 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             2574.33 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.324  +  0.013 ] 

                      =  0.380  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         28.63 kN. 

                 Vuy                28.63 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        339.70 kN. 

                 Vuz               339.70 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24963e+000,  Lz   = 4.24963e+000,  Lb   = 4.24963e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       273.56              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             273.56              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                273.56 

           -. -------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.132  +  0.000 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24984e+000,  Lz   = 4.24984e+000,  Lb   = 4.24984e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       188.81              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             188.81              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                188.81 

           -. -------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3774 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.127  +  0.000 ] 

                      =  0.155  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25027e+000,  Lz   = 4.25027e+000,  Lb   = 4.25027e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       321.21              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             321.21              48.93               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3781 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                321.21 

           -. -------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.127  +  0.000 ] 

                      =  0.175  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3791 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89980e-001,  Lz   = 4.89980e-001,  Lb   = 4.89980e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       481.96               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             481.96               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                481.96 

           -. -------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.073 + [  0.001  +  0.000 ] 

                      =  0.074  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34928e+000,  Lz   = 1.34928e+000,  Lb   = 1.34928e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       645.11               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             645.11               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                645.11 

           -. -------  =  ---------------  =  0.196  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.24 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.24 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.24 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.24 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.24 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.24 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.098 + [  0.011  +  0.000 ] 

                      =  0.109  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3813 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.23 kN. 

                 Vuz                15.23 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63994e+000,  Lz   = 1.63994e+000,  Lb   = 1.63994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       489.12            1175.92             145.74 

           ---------------------------------------------------------------- 

            TOTAL             489.12            1175.92             145.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1175.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      145.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                489.12 

           -. -------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1175.92 

           -. --------  =  ---------------  =  0.366  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                145.74 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.366  +  0.050 ] 

                      =  0.430  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        238.28 kN. 

                 Vuy               238.28 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        708.68 kN. 

                 Vuz               708.68 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00005e+000,  Lz   = 4.00005e+000,  Lb   = 4.00005e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3822 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       201.53              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             201.53              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                201.53 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.114  +  0.000 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00042e+000,  Lz   = 4.00042e+000,  Lb   = 4.00042e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3834 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        93.48              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              93.48              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 93.48 

           -. -------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3840 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.110  +  0.000 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00001e+000,  Lz   = 4.00001e+000,  Lb   = 4.00001e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        52.05              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              52.05              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 52.05 

           -. -------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3849 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.110  +  0.000 ] 

                      =  0.118  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00080e+000,  Lz   = 4.00080e+000,  Lb   = 4.00080e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        64.91              43.36               0.00 

           ---------------------------------------------------------------- 

            TOTAL              64.91              43.36               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 64.91 

           -. -------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3863 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.84 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.84 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.36 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.84 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.110  +  0.000 ] 

                      =  0.120  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99982e+000,  Lz   = 3.99982e+000,  Lb   = 3.99982e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       258.82              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             258.82              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                258.82 

           -. -------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.114  +  0.000 ] 

                      =  0.154  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00035e+000,  Lz   = 4.00035e+000,  Lb   = 4.00035e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1740.70      -392.78      -559.93       -14.32       -28.08 

           ------------------------------------------------------------------------------- 

            TOTAL           -1740.70      -392.78      -559.93       -14.32       -28.08 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1740.70 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       17.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2295 

              Pey    =  (Area*Fy)/Lambda^2       =   306858.39 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       20.02 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2646 

              Pez    =  (Area*Fy)/Lambda^2       =   230778.64 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1740.70            -559.93             -28.08 

           ---------------------------------------------------------------- 

            TOTAL           -1740.70            -559.93             -28.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -559.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -28.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    20.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  230778.6375 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.3257e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  230778.6375 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          14.28 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15690.80 kN. 

           -. phiPn =  phi*Pn  =      14121.72 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1740.70 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            14121.72 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.09 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                559.93 

           -. --------  =  ---------------  =  0.196  <  1.000  --->  O.K. 

               phiMny             2851.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3889 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 28.08 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.196  +  0.011 ] 

                      =  0.269  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         18.38 kN. 

                 Vuy                18.38 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        182.23 kN. 

                 Vuz               182.23 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00013e+000,  Lz   = 4.00013e+000,  Lb   = 4.00013e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       222.70              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             222.70              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                222.70 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3895 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.114  +  0.000 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99983e+000,  Lz   = 3.99983e+000,  Lb   = 3.99983e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        19.44              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              19.44              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 19.44 

           -. -------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.110  +  0.000 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00056e+000,  Lz   = 4.00056e+000,  Lb   = 4.00056e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        26.36              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              26.36              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 26.36 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3922 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.110  +  0.000 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00069e+000,  Lz   = 4.00069e+000,  Lb   = 4.00069e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       114.01              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL             114.01              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                114.01 

           -. -------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3935 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.84 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.84 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.84 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.110  +  0.000 ] 

                      =  0.127  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99986e+000,  Lz   = 3.99986e+000,  Lb   = 3.99986e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       291.45              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             291.45              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                291.45 

           -. -------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.114  +  0.000 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64053e+000,  Lz   = 1.64053e+000,  Lb   = 1.64053e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2026.92      -259.29     -1006.20       -12.67        -8.48 

           ------------------------------------------------------------------------------- 

            TOTAL           -2026.92      -259.29     -1006.20       -12.67        -8.48 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2026.92 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.16 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0946 

              Pey    =  (Area*Fy)/Lambda^2       =  2052482.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1092 

              Pez    =  (Area*Fy)/Lambda^2       =  1541078.14 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2026.92           -1006.20              -8.48 

           ---------------------------------------------------------------- 

            TOTAL           -2026.92           -1006.20              -8.48 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1006.20 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       -8.48 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1541078.1385 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.641 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.9744e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1541078.1385 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          83.87 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18282.85 kN. 

           -. phiPn =  phi*Pn  =      16454.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2026.92 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16454.56 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1006.20 

           -. --------  =  ---------------  =  0.313  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  8.48 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             2895.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.313  +  0.003 ] 

                      =  0.378  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        102.68 kN. 

                 Vuy               102.68 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        693.34 kN. 

                 Vuz               693.34 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99924e+000,  Lz   = 3.99924e+000,  Lb   = 3.99924e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       283.84              45.12               0.00 

           ---------------------------------------------------------------- 

            TOTAL             283.84              45.12               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                283.84 

           -. -------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.89 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.12 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.89 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.114  +  0.000 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.13 kN. 

                 Vuz                45.13 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00006e+000,  Lz   = 4.00006e+000,  Lb   = 4.00006e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       111.49              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL             111.49              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                111.49 

           -. -------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.110  +  0.000 ] 

                      =  0.127  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00010e+000,  Lz   = 4.00010e+000,  Lb   = 4.00010e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        24.93              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              24.93              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 24.93 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 3993 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.110  +  0.000 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00035e+000,  Lz   = 4.00035e+000,  Lb   = 4.00035e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        21.83              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              21.83              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 21.83 

           -. -------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4004 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.110  +  0.000 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99983e+000,  Lz   = 3.99983e+000,  Lb   = 3.99983e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       224.75              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             224.75              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                224.75 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.114  +  0.000 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11083,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99925e+000,  Lz   = 3.99925e+000,  Lb   = 3.99925e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1779.05      -412.09      -539.54       -32.66       -19.41 

           ------------------------------------------------------------------------------- 

            TOTAL           -1779.05      -412.09      -539.54       -32.66       -19.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1779.05 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       17.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2294 

              Pey    =  (Area*Fy)/Lambda^2       =   307026.28 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       20.01 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2645 

              Pez    =  (Area*Fy)/Lambda^2       =   230904.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1779.05            -539.54             -19.41 

           ---------------------------------------------------------------- 

            TOTAL           -1779.05            -539.54             -19.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -539.54 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -19.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    20.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  230904.9062 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.999 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.3264e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  230904.9062 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          14.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15691.05 kN. 

           -. phiPn =  phi*Pn  =      14121.94 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1779.05 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            14121.94 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.10 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.10 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                539.54 

           -. --------  =  ---------------  =  0.189  <  1.000  --->  O.K. 

               phiMny             2851.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.71 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.71 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.71 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 19.41 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             2574.71 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.063 + [  0.189  +  0.008 ] 

                      =  0.260  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         26.82 kN. 

                 Vuy                26.82 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        180.72 kN. 

                 Vuz               180.72 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11084,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99990e+000,  Lz   = 3.99990e+000,  Lb   = 3.99990e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       252.81              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             252.81              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                252.81 

           -. -------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.114  +  0.000 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11085,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00005e+000,  Lz   = 4.00005e+000,  Lb   = 4.00005e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        57.62              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              57.62              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 57.62 

           -. -------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.110  +  0.000 ] 

                      =  0.119  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11086,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99944e+000,  Lz   = 3.99944e+000,  Lb   = 3.99944e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        44.55              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              44.55              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 44.55 

           -. -------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.88 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.88 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.88 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4068 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.110  +  0.000 ] 

                      =  0.116  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00001e+000,  Lz   = 4.00001e+000,  Lb   = 4.00001e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        91.68              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              91.68              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 91.68 

           -. -------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4076 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.110  +  0.000 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99982e+000,  Lz   = 3.99982e+000,  Lb   = 3.99982e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       207.43              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             207.43              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                207.43 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.114  +  0.000 ] 

                      =  0.146  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64024e+000,  Lz   = 1.64024e+000,  Lb   = 1.64024e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151+ 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES       -38.92      1171.65        49.65       235.78       109.61 

           ------------------------------------------------------------------------------- 

            TOTAL             -38.92      1171.65        49.65       235.78       109.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =       38.92 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.16 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0946 

              Pey    =  (Area*Fy)/Lambda^2       =  2053196.32 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1092 

              Pez    =  (Area*Fy)/Lambda^2       =  1541614.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       -38.92            1171.65             235.78 

           ---------------------------------------------------------------- 

            TOTAL             -38.92            1171.65             235.78 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1171.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      235.78 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1541614.2874 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.640 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.9772e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1541614.2874 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          83.90 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18282.88 kN. 

           -. phiPn =  phi*Pn  =      16454.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 38.92 

           -. -------  =  ---------------  =     2.37e-003  <  1.000  --->  O.K. 

               phiPn            16454.59 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1171.65 

           -. --------  =  ---------------  =  0.365  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                235.78 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMnz             2895.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.001 + [  0.365  +  0.081 ] 

                      =  0.447  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4103 DE 12066 

 

 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        193.87 kN. 

                 Vuy               193.87 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        791.07 kN. 

                 Vuz               791.07 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11090,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34967e+000,  Lz   = 1.34967e+000,  Lb   = 1.34967e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       617.51               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             617.51               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                617.51 

           -. -------  =  ---------------  =  0.187  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.23 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.23 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.23 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.23 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.23 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.23 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.094 + [  0.011  +  0.000 ] 

                      =  0.104  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.23 kN. 

                 Vuz                15.23 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4117 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11091,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89653e-001,  Lz   = 4.89653e-001,  Lb   = 4.89653e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       449.32               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             449.32               0.65               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4119 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                449.32 

           -. -------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4126 DE 12066 

 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.068 + [  0.001  +  0.000 ] 

                      =  0.070  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11092,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25002e+000,  Lz   = 4.25002e+000,  Lb   = 4.25002e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       301.38              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             301.38              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                301.38 

           -. -------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.127  +  0.000 ] 

                      =  0.172  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11093,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24963e+000,  Lz   = 4.24963e+000,  Lb   = 4.24963e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       160.07              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             160.07              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                160.07 

           -. -------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.127  +  0.000 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11094,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25011e+000,  Lz   = 4.25011e+000,  Lb   = 4.25011e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       254.57              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             254.57              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                254.57 

           -. -------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4160 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.132  +  0.000 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11095,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89014e+000,  Lz   = 1.89014e+000,  Lb   = 1.89014e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2378.66      -483.07      -884.69       -62.59       -30.04 

           ------------------------------------------------------------------------------- 

            TOTAL           -2378.66      -483.07      -884.69       -62.59       -30.04 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2378.66 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1546174.86 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1258 

              Pez    =  (Area*Fy)/Lambda^2       =  1160924.18 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2378.66            -884.69             -30.04 

           ---------------------------------------------------------------- 

            TOTAL           -2378.66            -884.69             -30.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -884.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -30.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1160924.1845 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.890 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0073e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1160924.1845 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.18 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18252.99 kN. 

           -. phiPn =  phi*Pn  =      16427.69 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2378.66 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            16427.69 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                884.69 

           -. --------  =  ---------------  =  0.275  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 30.04 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.275  +  0.010 ] 

                      =  0.358  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         61.43 kN. 

                 Vuy                61.43 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        917.20 kN. 

                 Vuz               917.20 

           -. --------  =  ---------------  =  0.150  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11096,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25024e+000,  Lz   = 4.25024e+000,  Lb   = 4.25024e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       268.46              53.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL             268.46              53.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       53.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                268.46 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4179 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 53.34 

           -. --------  =  ---------------  =  0.138  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.138  +  0.000 ] 

                      =  0.179  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         50.20 kN. 

                 Vuz                50.20 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4187 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11097,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25022e+000,  Lz   = 4.25022e+000,  Lb   = 4.25022e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       275.73              53.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL             275.73              53.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       53.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                275.73 

           -. -------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 53.33 

           -. --------  =  ---------------  =  0.138  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.138  +  0.000 ] 

                      =  0.180  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         50.19 kN. 

                 Vuz                50.19 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11098,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24986e+000,  Lz   = 4.24986e+000,  Lb   = 4.24986e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1584.49      -508.49      -301.88       -23.69       -58.69 

           ------------------------------------------------------------------------------- 

            TOTAL           -1584.49      -508.49      -301.88       -23.69       -58.69 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1584.49 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271884.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204476.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1584.49            -508.49             -23.69 

           ---------------------------------------------------------------- 

            TOTAL           -1584.49            -508.49             -23.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -508.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -23.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204476.0134 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1746e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204476.0134 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.76 kN. 

           -. phiPn =  phi*Pn  =      14068.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1584.49 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            14068.59 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                508.49 

           -. --------  =  ---------------  =  0.178  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 23.69 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.178  +  0.009 ] 

                      =  0.244  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         26.28 kN. 

                 Vuy                26.28 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        129.58 kN. 

                 Vuz               129.58 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  12001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.99981e+000,  Lz   = 1.99981e+000,  Lb   = 1.99981e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -281.07     -1216.70      -327.25      -170.28      -434.79 

           ------------------------------------------------------------------------------- 

            TOTAL            -281.07     -1216.70      -327.25      -170.28      -434.79 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      281.07 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1054 

              Pey    =  (Area*Fy)/Lambda^2       =  2142632.63 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.36 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0709 

              Pez    =  (Area*Fy)/Lambda^2       =  4735804.45 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -281.07           -1216.70            -170.28 

           ---------------------------------------------------------------- 

            TOTAL            -281.07           -1216.70            -170.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1216.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -170.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2142632.6296 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4450e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 2142632.6296 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          99.40 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21465.04 kN. 

           -. phiPn =  phi*Pn  =      19318.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                281.07 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19318.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4986.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4986.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1216.70 

           -. --------  =  ---------------  =  0.244  <  1.000  --->  O.K. 

               phiMny             4986.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6608.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6608.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6608.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                170.28 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6608.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.244  +  0.026 ] 

                      =  0.277  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        198.86 kN. 

                 Vuy               198.86 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        698.34 kN. 

                 Vuz               698.34 

           -. --------  =  ---------------  =  0.131  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  12007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36057e+000,  Lz   = 2.36057e+000,  Lb   = 2.36057e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -112.96      -924.69      -379.33      -214.16      -222.80 

           ------------------------------------------------------------------------------- 

            TOTAL            -112.96      -924.69      -379.33      -214.16      -222.80 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      112.96 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991314.31 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744314.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -112.96            -924.69            -214.16 

           ---------------------------------------------------------------- 

            TOTAL            -112.96            -924.69            -214.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -924.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -214.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744314.7530 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.361 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8515e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744314.7530 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.44 kN. 

           -. phiPn =  phi*Pn  =      16366.90 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                112.96 

           -. -------  =  ---------------  =     6.90e-003  <  1.000  --->  O.K. 

               phiPn            16366.90 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                924.69 

           -. --------  =  ---------------  =  0.288  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                214.16 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.288  +  0.074 ] 

                      =  0.365  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        264.31 kN. 

                 Vuy               264.31 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        512.51 kN. 

                 Vuz               512.51 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36075e+000,  Lz   = 2.36075e+000,  Lb   = 2.36075e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -425.90      -612.76      -591.26      -253.94      -258.71 

           ------------------------------------------------------------------------------- 

            TOTAL            -425.90      -612.76      -591.26      -253.94      -258.71 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      425.90 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1362 

              Pey    =  (Area*Fy)/Lambda^2       =   991166.86 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744204.04 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -425.90            -612.76            -253.94 

           ---------------------------------------------------------------- 

            TOTAL            -425.90            -612.76            -253.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -612.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -253.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744204.0365 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.361 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8509e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744204.0365 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.50 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.41 kN. 

           -. phiPn =  phi*Pn  =      16366.87 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                425.90 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16366.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                612.76 

           -. --------  =  ---------------  =  0.191  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                253.94 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.191  +  0.088 ] 

                      =  0.292  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        193.08 kN. 

                 Vuy               193.08 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        447.05 kN. 

                 Vuz               447.05 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36027e+000,  Lz   = 2.36027e+000,  Lb   = 2.36027e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1922.20     -1470.11      -327.31       -17.76       -16.79 

           ------------------------------------------------------------------------------- 

            TOTAL           -1922.20     -1470.11      -327.31       -17.76       -16.79 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1922.20 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991565.93 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744503.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1922.20           -1470.11             -17.76 

           ---------------------------------------------------------------- 

            TOTAL           -1922.20           -1470.11             -17.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1470.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -17.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744503.6748 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8525e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744503.6748 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.49 kN. 

           -. phiPn =  phi*Pn  =      16366.94 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1922.20 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16366.94 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1470.11 

           -. --------  =  ---------------  =  0.458  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 17.76 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.059 + [  0.458  +  0.006 ] 

                      =  0.523  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         31.11 kN. 

                 Vuy                31.11 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        648.75 kN. 

                 Vuz               648.75 

           -. --------  =  ---------------  =  0.106  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36021e+000,  Lz   = 2.36021e+000,  Lb   = 2.36021e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2004.88     -1436.05      -353.32       -11.39       -15.37 

           ------------------------------------------------------------------------------- 

            TOTAL           -2004.88     -1436.05      -353.32       -11.39       -15.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2004.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991620.04 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744544.30 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2004.88           -1436.05             -11.39 

           ---------------------------------------------------------------- 

            TOTAL           -2004.88           -1436.05             -11.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1436.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -11.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744544.3042 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8527e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744544.3042 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.50 kN. 

           -. phiPn =  phi*Pn  =      16366.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2004.88 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16366.95 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1436.05 

           -. --------  =  ---------------  =  0.447  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 11.39 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.447  +  0.004 ] 

                      =  0.512  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         25.17 kN. 

                 Vuy                25.17 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        660.11 kN. 

                 Vuz               660.11 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36026e+000,  Lz   = 2.36026e+000,  Lb   = 2.36026e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1974.46     -1361.90      -336.40       -13.77       -12.38 

           ------------------------------------------------------------------------------- 

            TOTAL           -1974.46     -1361.90      -336.40       -13.77       -12.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1974.46 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991576.08 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744511.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1974.46           -1361.90             -13.77 

           ---------------------------------------------------------------- 

            TOTAL           -1974.46           -1361.90             -13.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1361.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -13.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744511.2925 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8525e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744511.2925 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.49 kN. 

           -. phiPn =  phi*Pn  =      16366.94 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1974.46 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16366.94 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1361.90 

           -. --------  =  ---------------  =  0.424  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 13.77 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.424  +  0.005 ] 

                      =  0.489  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         29.87 kN. 

                 Vuy                29.87 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        597.79 kN. 

                 Vuz               597.79 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36075e+000,  Lz   = 2.36075e+000,  Lb   = 2.36075e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -420.47      -504.02      -325.45      -249.02      -131.63 

           ------------------------------------------------------------------------------- 

            TOTAL            -420.47      -504.02      -325.45      -249.02      -131.63 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      420.47 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1362 

              Pey    =  (Area*Fy)/Lambda^2       =   991166.15 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744203.50 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -420.47            -504.02            -249.02 

           ---------------------------------------------------------------- 

            TOTAL            -420.47            -504.02            -249.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -504.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -249.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744203.5024 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.361 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8509e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744203.5024 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.50 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.41 kN. 

           -. phiPn =  phi*Pn  =      16366.87 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                420.47 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16366.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                504.02 

           -. --------  =  ---------------  =  0.157  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4284 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                249.02 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.157  +  0.086 ] 

                      =  0.256  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        175.97 kN. 

                 Vuy               175.97 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        425.39 kN. 

                 Vuz               425.39 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36027e+000,  Lz   = 2.36027e+000,  Lb   = 2.36027e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1665.48     -1041.90      -393.19       -59.07       -53.40 

           ------------------------------------------------------------------------------- 

            TOTAL           -1665.48     -1041.90      -393.19       -59.07       -53.40 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1665.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991566.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744503.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1665.48           -1041.90             -59.07 

           ---------------------------------------------------------------- 

            TOTAL           -1665.48           -1041.90             -59.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1041.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -59.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744503.8085 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8525e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744503.8085 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.49 kN. 

           -. phiPn =  phi*Pn  =      16366.94 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1665.48 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            16366.94 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1041.90 

           -. --------  =  ---------------  =  0.324  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 59.07 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.324  +  0.020 ] 

                      =  0.396  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        298.21 kN. 

                 Vuy               298.21 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        412.31 kN. 

                 Vuz               412.31 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35920e+000,  Lz   = 2.35920e+000,  Lb   = 2.35920e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1295.15      -661.93      -345.55       -58.55      -100.03 

           ------------------------------------------------------------------------------- 

            TOTAL           -1295.15      -661.93      -345.55       -58.55      -100.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1295.15 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.29 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992466.85 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1570 

              Pez    =  (Area*Fy)/Lambda^2       =   745180.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1295.15            -661.93             -58.55 

           ---------------------------------------------------------------- 

            TOTAL           -1295.15            -661.93             -58.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -661.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -58.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  745180.1163 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.359 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8560e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  745180.1163 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.56 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.66 kN. 

           -. phiPn =  phi*Pn  =      16367.09 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1295.15 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            16367.09 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.06 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.06 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                661.93 

           -. --------  =  ---------------  =  0.206  <  1.000  --->  O.K. 

               phiMny             3211.06 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 58.55 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.206  +  0.020 ] 

                      =  0.266  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        224.01 kN. 

                 Vuy               224.01 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        285.27 kN. 

                 Vuz               285.27 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4309 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  12095,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35974e+000,  Lz   = 2.35974e+000,  Lb   = 2.35974e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2285.06      -921.23      -331.17       -43.28       -32.54 

           ------------------------------------------------------------------------------- 

            TOTAL           -2285.06      -921.23      -331.17       -43.28       -32.54 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2285.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992015.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744841.41 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2285.06            -921.23             -43.28 

           ---------------------------------------------------------------- 

            TOTAL           -2285.06            -921.23             -43.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -921.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -43.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744841.4076 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8542e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744841.4076 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.57 kN. 

           -. phiPn =  phi*Pn  =      16367.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2285.06 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            16367.02 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                921.23 

           -. --------  =  ---------------  =  0.287  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 43.28 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.070 + [  0.287  +  0.015 ] 

                      =  0.372  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         66.71 kN. 

                 Vuy                66.71 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        430.48 kN. 

                 Vuz               430.48 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  13001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24986e+000,  Lz   = 4.24986e+000,  Lb   = 4.24986e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       299.15             987.14             391.37 

           ---------------------------------------------------------------- 

            TOTAL             299.15             987.14             391.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      987.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      391.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    16.9  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                299.15 

           -. -------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4982.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4982.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                987.14 

           -. --------  =  ---------------  =  0.198  <  1.000  --->  O.K. 

               phiMny             4982.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6598.50 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6598.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6598.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                391.37 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiMnz             6598.50 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.198  +  0.059 ] 

                      =  0.264  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        173.43 kN. 

                 Vuy               173.43 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        318.70 kN. 

                 Vuz               318.70 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  13002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34050e+000,  Lz   = 1.34050e+000,  Lb   = 1.34050e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       333.23               5.07               0.00 

           ---------------------------------------------------------------- 

            TOTAL             333.23               5.07               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                333.23 

           -. -------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.53 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.53 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.07 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.011  +  0.000 ] 

                      =  0.061  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.13 kN. 

                 Vuz                15.13 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90523e-001,  Lz   = 4.90523e-001,  Lb   = 4.90523e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4340 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -124.85         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -124.85         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      124.85 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.28 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0433 

              Pey    =  (Area*Fy)/Lambda^2       =  1847514.38 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.06 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1329 

              Pez    =  (Area*Fy)/Lambda^2       =   196317.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -124.85               0.21               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -124.85               0.21               0.00 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4342 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.1  <   120.0  --->  O.K. 
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      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  196317.8077 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =  196317.8077 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          56.58 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3444.04 kN. 

           -. phiPn =  phi*Pn  =       3099.64 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                124.85 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn             3099.64 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  
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           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 
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      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 
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           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.21 

           -. --------  =  ---------------  =4.451e-004  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 
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   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [4.451e-004  +  0.000 ] 

                      =  0.021  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90202e-001,  Lz   = 4.90202e-001,  Lb   = 4.90202e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       178.25               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL             178.25               0.52               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                178.25 

           -. -------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4361 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4362 DE 12066 

 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.001  +  0.000 ] 

                      =  0.028  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34001e+000,  Lz   = 1.34001e+000,  Lb   = 1.34001e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       381.03               4.02               0.00 

           ---------------------------------------------------------------- 

            TOTAL             381.03               4.02               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        4.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                381.03 

           -. -------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.55 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.55 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.55 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.55 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  4.02 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMny              482.55 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.008  +  0.000 ] 

                      =  0.066  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35977e+000,  Lz   = 2.35977e+000,  Lb   = 2.35977e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -830.71      -668.47     -2053.69      -368.45      -329.32 

           ------------------------------------------------------------------------------- 

            TOTAL            -830.71      -668.47     -2053.69      -368.45      -329.32 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      830.71 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991987.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744820.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -830.71           -2053.69            -329.32 

           ---------------------------------------------------------------- 

            TOTAL            -830.71           -2053.69            -329.32 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2053.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -329.32 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744820.0061 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8541e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744820.0061 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.57 kN. 

           -. phiPn =  phi*Pn  =      16367.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                830.71 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16367.01 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2053.69 

           -. --------  =  ---------------  =  0.640  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                329.32 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.640  +  0.114 ] 

                      =  0.779  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        288.73 kN. 

                 Vuy               288.73 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        622.92 kN. 

                 Vuz               622.92 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  13020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25016e+000,  Lz   = 4.25016e+000,  Lb   = 4.25016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       442.21              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             442.21              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                442.21 

           -. -------  =  ---------------  =  0.134  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.067 + [  0.132  +  0.000 ] 

                      =  0.199  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24989e+000,  Lz   = 4.24989e+000,  Lb   = 4.24989e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       416.67              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             416.67              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                416.67 

           -. -------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4409 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.063 + [  0.127  +  0.000 ] 

                      =  0.190  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24984e+000,  Lz   = 4.24984e+000,  Lb   = 4.24984e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       404.85              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             404.85              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                404.85 

           -. -------  =  ---------------  =  0.123  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4417 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.127  +  0.000 ] 

                      =  0.188  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25072e+000,  Lz   = 4.25072e+000,  Lb   = 4.25072e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       439.96              50.98               0.00 

           ---------------------------------------------------------------- 

            TOTAL             439.96              50.98               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                439.96 

           -. -------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.60 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.60 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.98 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.60 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.067 + [  0.132  +  0.000 ] 

                      =  0.199  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.97 kN. 

                 Vuz                47.97 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35986e+000,  Lz   = 2.35986e+000,  Lb   = 2.35986e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -731.55      -603.52     -1806.08      -197.58      -215.25 

           ------------------------------------------------------------------------------- 

            TOTAL            -731.55      -603.52     -1806.08      -197.58      -215.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      731.55 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991914.38 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744765.30 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -731.55           -1806.08            -215.25 

           ---------------------------------------------------------------- 

            TOTAL            -731.55           -1806.08            -215.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1806.08 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -215.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744765.3041 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8538e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744765.3041 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.55 kN. 

           -. phiPn =  phi*Pn  =      16367.00 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                731.55 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16367.00 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1806.08 

           -. --------  =  ---------------  =  0.562  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                215.25 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.562  +  0.074 ] 

                      =  0.659  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        218.58 kN. 

                 Vuy               218.58 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        551.23 kN. 

                 Vuz               551.23 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  13066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34042e+000,  Lz   = 1.34042e+000,  Lb   = 1.34042e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       404.75               5.07               0.00 

           ---------------------------------------------------------------- 

            TOTAL             404.75               5.07               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                404.75 

           -. -------  =  ---------------  =  0.123  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4454 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.53 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.53 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.07 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.011  +  0.000 ] 

                      =  0.072  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         15.13 kN. 

                 Vuz                15.13 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90561e-001,  Lz   = 4.90561e-001,  Lb   = 4.90561e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       151.52               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL             151.52               0.52               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                151.52 

           -. -------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.001  +  0.000 ] 

                      =  0.024  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.32 kN. 

                 Vuz                 5.32 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89311e-001,  Lz   = 4.89311e-001,  Lb   = 4.89311e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       170.45               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL             170.45               0.52               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4471 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                170.45 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.001  +  0.000 ] 

                      =  0.027  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.30 kN. 

                 Vuz                 5.30 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33968e+000,  Lz   = 1.33968e+000,  Lb   = 1.33968e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       404.31               5.06               0.00 

           ---------------------------------------------------------------- 

            TOTAL             404.31               5.06               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                404.31 

           -. -------  =  ---------------  =  0.123  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.56 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.56 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.56 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.56 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.56 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.06 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMny              482.56 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.010  +  0.000 ] 

                      =  0.072  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36016e+000,  Lz   = 2.36016e+000,  Lb   = 2.36016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -263.90      -349.33     -1039.61      -154.21      -168.04 

           ------------------------------------------------------------------------------- 

            TOTAL            -263.90      -349.33     -1039.61      -154.21      -168.04 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      263.90 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991659.56 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744573.98 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -263.90           -1039.61            -168.04 

           ---------------------------------------------------------------- 

            TOTAL            -263.90           -1039.61            -168.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1039.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -168.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744573.9771 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8528e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744573.9771 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.50 kN. 

           -. phiPn =  phi*Pn  =      16366.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                263.90 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16366.95 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1039.61 

           -. --------  =  ---------------  =  0.324  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                168.04 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.324  +  0.058 ] 

                      =  0.390  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        227.24 kN. 

                 Vuy               227.24 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        324.07 kN. 

                 Vuz               324.07 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  13090,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25016e+000,  Lz   = 4.25016e+000,  Lb   = 4.25016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       426.76              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             426.76              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                426.76 

           -. -------  =  ---------------  =  0.129  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.132  +  0.000 ] 

                      =  0.197  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13091,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24998e+000,  Lz   = 4.24998e+000,  Lb   = 4.24998e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       385.55              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             385.55              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                385.55 

           -. -------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.127  +  0.000 ] 

                      =  0.185  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  14019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88957e+000,  Lz   = 1.88957e+000,  Lb   = 1.88957e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1435.81            2356.87             149.68 

           ---------------------------------------------------------------- 

            TOTAL            1435.81            2356.87             149.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2356.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      149.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1435.81 

           -. -------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2356.87 

           -. --------  =  ---------------  =  0.734  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                149.68 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.734  +  0.052 ] 

                      =  0.827  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        158.48 kN. 

                 Vuy               158.48 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =       2335.46 kN. 

                 Vuz              2335.46 

           -. --------  =  ---------------  =  0.383  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  14065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88919e+000,  Lz   = 1.88919e+000,  Lb   = 1.88919e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1375.85            2120.80             124.83 

           ---------------------------------------------------------------- 

            TOTAL            1375.85            2120.80             124.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2120.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      124.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1375.85 

           -. -------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2120.80 

           -. --------  =  ---------------  =  0.660  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                124.83 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.660  +  0.043 ] 

                      =  0.743  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        170.06 kN. 

                 Vuy               170.06 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =       2085.18 kN. 

                 Vuz              2085.18 

           -. --------  =  ---------------  =  0.342  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  14089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89024e+000,  Lz   = 1.89024e+000,  Lb   = 1.89024e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       748.56            1333.10             210.94 

           ---------------------------------------------------------------- 

            TOTAL             748.56            1333.10             210.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1333.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      210.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                748.56 

           -. -------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1333.10 

           -. --------  =  ---------------  =  0.415  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                210.94 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.415  +  0.073 ] 

                      =  0.509  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        189.70 kN. 

                 Vuy               189.70 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =       1224.19 kN. 

                 Vuz              1224.19 

           -. --------  =  ---------------  =  0.201  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24986e+000,  Lz   = 4.24986e+000,  Lb   = 4.24986e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       338.15            1064.55             382.00 

           ---------------------------------------------------------------- 

            TOTAL             338.15            1064.55             382.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1064.55 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      382.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    16.9  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                338.15 

           -. -------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4982.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4982.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1064.55 

           -. --------  =  ---------------  =  0.214  <  1.000  --->  O.K. 

               phiMny             4982.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6598.50 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6598.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6598.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                382.00 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             6598.50 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.214  +  0.058 ] 

                      =  0.279  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        183.91 kN. 

                 Vuy               183.91 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        301.90 kN. 

                 Vuz               301.90 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  15019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89055e+000,  Lz   = 1.89055e+000,  Lb   = 1.89055e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1502.02            2086.11             236.77 

           ---------------------------------------------------------------- 

            TOTAL            1502.02            2086.11             236.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2086.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      236.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1502.02 

           -. -------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2086.11 

           -. --------  =  ---------------  =  0.649  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                236.77 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.649  +  0.082 ] 

                      =  0.774  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        156.37 kN. 

                 Vuy               156.37 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =       2166.70 kN. 

                 Vuz              2166.70 

           -. --------  =  ---------------  =  0.356  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24939e+000,  Lz   = 4.24939e+000,  Lb   = 4.24939e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       443.53              50.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             443.53              50.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                443.53 

           -. -------  =  ---------------  =  0.135  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4566 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.94 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.067 + [  0.132  +  0.000 ] 

                      =  0.199  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.95 kN. 

                 Vuz                47.95 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25009e+000,  Lz   = 4.25009e+000,  Lb   = 4.25009e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       413.60              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             413.60              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                413.60 

           -. -------  =  ---------------  =  0.125  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.063 + [  0.127  +  0.000 ] 

                      =  0.189  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24985e+000,  Lz   = 4.24985e+000,  Lb   = 4.24985e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       332.73              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             332.73              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                332.73 

           -. -------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.127  +  0.000 ] 

                      =  0.177  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25002e+000,  Lz   = 4.25002e+000,  Lb   = 4.25002e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       184.17              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             184.17              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                184.17 

           -. -------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4603 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.127  +  0.000 ] 

                      =  0.154  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25041e+000,  Lz   = 4.25041e+000,  Lb   = 4.25041e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       266.33              50.97               0.00 

           ---------------------------------------------------------------- 

            TOTAL             266.33              50.97               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                266.33 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.97 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.132  +  0.000 ] 

                      =  0.172  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.97 kN. 

                 Vuz                47.97 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4622 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  15025,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25033e+000,  Lz   = 4.25033e+000,  Lb   = 4.25033e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1338.12             929.58              48.05 

           ---------------------------------------------------------------- 

            TOTAL            1338.12             929.58              48.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      929.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       48.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    21.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1338.12 

           -. -------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                929.58 

           -. --------  =  ---------------  =  0.326  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.33 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.33 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.33 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 48.05 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             2574.33 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.326  +  0.019 ] 

                      =  0.388  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         28.21 kN. 

                 Vuy                28.21 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        315.68 kN. 

                 Vuz               315.68 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  15026,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24971e+000,  Lz   = 4.24971e+000,  Lb   = 4.24971e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       221.31              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             221.31              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                221.31 

           -. -------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.132  +  0.000 ] 

                      =  0.165  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15027,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24983e+000,  Lz   = 4.24983e+000,  Lb   = 4.24983e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        42.02              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL              42.02              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 42.02 

           -. -------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4644 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.127  +  0.000 ] 

                      =  0.133  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15028,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25016e+000,  Lz   = 4.25016e+000,  Lb   = 4.25016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES         7.35              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL               7.35              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                  7.35 

           -. -------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.001 + [  0.127  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4665 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  15029,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24957e+000,  Lz   = 4.24957e+000,  Lb   = 4.24957e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        86.88              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL              86.88              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 86.88 

           -. -------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.127  +  0.000 ] 

                      =  0.140  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25035e+000,  Lz   = 4.25035e+000,  Lb   = 4.25035e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       359.71              50.97               0.00 

           ---------------------------------------------------------------- 

            TOTAL             359.71              50.97               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4679 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                359.71 

           -. -------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4680 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.97 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.132  +  0.000 ] 

                      =  0.186  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35941e+000,  Lz   = 2.35941e+000,  Lb   = 2.35941e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1954.16      -349.25     -1494.09       -17.30       -18.59 

           ------------------------------------------------------------------------------- 

            TOTAL           -1954.16      -349.25     -1494.09       -17.30       -18.59 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1954.16 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992292.31 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1570 

              Pez    =  (Area*Fy)/Lambda^2       =   745049.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1954.16           -1494.09             -18.59 

           ---------------------------------------------------------------- 

            TOTAL           -1954.16           -1494.09             -18.59 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1494.09 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -18.59 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  745049.0660 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.359 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8553e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  745049.0660 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.55 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.62 kN. 

           -. phiPn =  phi*Pn  =      16367.06 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1954.16 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16367.06 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1494.09 

           -. --------  =  ---------------  =  0.465  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 18.59 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.465  +  0.006 ] 

                      =  0.531  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         22.51 kN. 

                 Vuy                22.51 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4699 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        661.00 kN. 

                 Vuz               661.00 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24932e+000,  Lz   = 4.24932e+000,  Lb   = 4.24932e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       368.37              43.83               0.00 

           ---------------------------------------------------------------- 

            TOTAL             368.37              43.83               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                368.37 

           -. -------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.83 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny              386.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.113  +  0.000 ] 

                      =  0.169  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         41.26 kN. 

                 Vuz                41.26 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25022e+000,  Lz   = 4.25022e+000,  Lb   = 4.25022e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       115.84              41.48               0.00 

           ---------------------------------------------------------------- 

            TOTAL             115.84              41.48               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                115.84 

           -. -------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.48 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.107  +  0.000 ] 

                      =  0.125  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.04 kN. 

                 Vuz                39.04 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24941e+000,  Lz   = 4.24941e+000,  Lb   = 4.24941e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        26.14              41.46               0.00 

           ---------------------------------------------------------------- 

            TOTAL              26.14              41.46               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.46 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 26.14 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.46 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.64 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4733 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.107  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         39.03 kN. 

                 Vuz                39.03 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24953e+000,  Lz   = 4.24953e+000,  Lb   = 4.24953e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        88.05              41.47               0.00 

           ---------------------------------------------------------------- 

            TOTAL              88.05              41.47               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 88.05 

           -. -------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.47 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.107  +  0.000 ] 

                      =  0.121  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.03 kN. 

                 Vuz                39.03 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25092e+000,  Lz   = 4.25092e+000,  Lb   = 4.25092e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       284.67              43.87               0.00 

           ---------------------------------------------------------------- 

            TOTAL             284.67              43.87               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                284.67 

           -. -------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.59 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.59 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.59 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.59 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.59 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.87 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny              386.59 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.113  +  0.000 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         41.28 kN. 

                 Vuz                41.28 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25029e+000,  Lz   = 4.25029e+000,  Lb   = 4.25029e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2018.13      -358.67      -770.72       -22.57       -14.29 

           ------------------------------------------------------------------------------- 

            TOTAL           -2018.13      -358.67      -770.72       -22.57       -14.29 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2018.13 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271829.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204434.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2018.13            -770.72             -14.29 

           ---------------------------------------------------------------- 

            TOTAL           -2018.13            -770.72             -14.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -770.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -14.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204434.1221 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1743e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204434.1221 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.65 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.66 kN. 

           -. phiPn =  phi*Pn  =      14068.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2018.13 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            14068.49 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                770.72 

           -. --------  =  ---------------  =  0.270  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.33 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.33 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.33 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 14.29 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             2574.33 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.270  +  0.006 ] 

                      =  0.348  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         13.56 kN. 

                 Vuy                13.56 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        201.92 kN. 

                 Vuz               201.92 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  15038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24977e+000,  Lz   = 4.24977e+000,  Lb   = 4.24977e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       281.48              43.84               0.00 

           ---------------------------------------------------------------- 

            TOTAL             281.48              43.84               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                281.48 

           -. -------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.84 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.113  +  0.000 ] 

                      =  0.156  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         41.26 kN. 

                 Vuz                41.26 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25067e+000,  Lz   = 4.25067e+000,  Lb   = 4.25067e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        88.61              41.49               0.00 

           ---------------------------------------------------------------- 

            TOTAL              88.61              41.49               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 88.61 

           -. -------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.60 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.60 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.49 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.60 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.107  +  0.000 ] 

                      =  0.121  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4794 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.04 kN. 

                 Vuz                39.04 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24974e+000,  Lz   = 4.24974e+000,  Lb   = 4.24974e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        33.45              41.47               0.00 

           ---------------------------------------------------------------- 

            TOTAL              33.45              41.47               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 33.45 

           -. -------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.47 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.107  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.03 kN. 

                 Vuz                39.03 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24997e+000,  Lz   = 4.24997e+000,  Lb   = 4.24997e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       124.93              41.48               0.00 

           ---------------------------------------------------------------- 

            TOTAL             124.93              41.48               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       41.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                124.93 

           -. -------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 41.48 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.107  +  0.000 ] 

                      =  0.126  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.04 kN. 

                 Vuz                39.04 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25036e+000,  Lz   = 4.25036e+000,  Lb   = 4.25036e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       369.26              43.85               0.00 

           ---------------------------------------------------------------- 

            TOTAL             369.26              43.85               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                369.26 

           -. -------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.85 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.113  +  0.000 ] 

                      =  0.169  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         41.27 kN. 

                 Vuz                41.27 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz              663.44 
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------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  15043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36016e+000,  Lz   = 2.36016e+000,  Lb   = 2.36016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2036.23      -357.09     -1447.10       -15.39       -10.60 

           ------------------------------------------------------------------------------- 

            TOTAL           -2036.23      -357.09     -1447.10       -15.39       -10.60 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2036.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991663.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744577.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2036.23           -1447.10             -10.60 

           ---------------------------------------------------------------- 

            TOTAL           -2036.23           -1447.10             -10.60 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1447.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -10.60 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4837 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744577.0515 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8529e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744577.0515 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.51 kN. 

           -. phiPn =  phi*Pn  =      16366.96 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2036.23 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16366.96 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1447.10 

           -. --------  =  ---------------  =  0.451  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 10.60 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.451  +  0.004 ] 

                      =  0.517  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         21.09 kN. 

                 Vuy                21.09 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        658.38 kN. 

                 Vuz               658.38 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25025e+000,  Lz   = 4.25025e+000,  Lb   = 4.25025e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       340.00              45.88               0.00 

           ---------------------------------------------------------------- 

            TOTAL             340.00              45.88               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                340.00 

           -. -------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.88 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.119  +  0.000 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.18 kN. 

                 Vuz                43.18 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25017e+000,  Lz   = 4.25017e+000,  Lb   = 4.25017e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       126.37              42.16               0.00 

           ---------------------------------------------------------------- 

            TOTAL             126.37              42.16               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       42.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                126.37 

           -. -------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4857 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 42.16 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.109  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4865 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.67 kN. 

                 Vuz                39.67 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25021e+000,  Lz   = 4.25021e+000,  Lb   = 4.25021e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4867 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       105.77              42.16               0.00 

           ---------------------------------------------------------------- 

            TOTAL             105.77              42.16               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       42.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                105.77 

           -. -------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 42.16 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.109  +  0.000 ] 

                      =  0.125  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.68 kN. 

                 Vuz                39.68 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24942e+000,  Lz   = 4.24942e+000,  Lb   = 4.24942e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       273.72              45.87               0.00 

           ---------------------------------------------------------------- 

            TOTAL             273.72              45.87               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                273.72 

           -. -------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.87 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              386.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.119  +  0.000 ] 

                      =  0.160  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.17 kN. 

                 Vuz                43.17 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24973e+000,  Lz   = 4.24973e+000,  Lb   = 4.24973e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2201.62      -404.68      -728.22       -21.48       -15.13 

           ------------------------------------------------------------------------------- 

            TOTAL           -2201.62      -404.68      -728.22       -21.48       -15.13 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2201.62 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271900.28 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204487.73 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2201.62            -728.22             -15.13 

           ---------------------------------------------------------------- 

            TOTAL           -2201.62            -728.22             -15.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -728.22 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -15.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204487.7316 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1746e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204487.7316 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.79 kN. 

           -. phiPn =  phi*Pn  =      14068.61 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2201.62 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            14068.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                728.22 

           -. --------  =  ---------------  =  0.255  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 15.13 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.078 + [  0.255  +  0.006 ] 

                      =  0.340  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         12.94 kN. 

                 Vuy                12.94 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        173.15 kN. 

                 Vuz               173.15 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  15049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25027e+000,  Lz   = 4.25027e+000,  Lb   = 4.25027e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       272.71              45.88               0.00 

           ---------------------------------------------------------------- 

            TOTAL             272.71              45.88               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                272.71 

           -. -------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.88 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.119  +  0.000 ] 

                      =  0.160  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.18 kN. 

                 Vuz                43.18 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25006e+000,  Lz   = 4.25006e+000,  Lb   = 4.25006e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       106.65              42.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             106.65              42.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       42.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                106.65 

           -. -------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 42.15 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.109  +  0.000 ] 

                      =  0.125  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.67 kN. 

                 Vuz                39.67 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25000e+000,  Lz   = 4.25000e+000,  Lb   = 4.25000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       131.88              42.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             131.88              42.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       42.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                131.88 

           -. -------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 42.15 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.109  +  0.000 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         39.67 kN. 

                 Vuz                39.67 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25011e+000,  Lz   = 4.25011e+000,  Lb   = 4.25011e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       341.03              45.88               0.00 

           ---------------------------------------------------------------- 

            TOTAL             341.03              45.88               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                341.03 

           -. -------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.88 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.119  +  0.000 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.18 kN. 

                 Vuz                43.18 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36024e+000,  Lz   = 2.36024e+000,  Lb   = 2.36024e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2021.79      -355.37     -1396.15        -9.37       -15.75 

           ------------------------------------------------------------------------------- 

            TOTAL           -2021.79      -355.37     -1396.15        -9.37       -15.75 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2021.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991588.36 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744520.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2021.79           -1396.15             -15.75 

           ---------------------------------------------------------------- 

            TOTAL           -2021.79           -1396.15             -15.75 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1396.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -15.75 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 4953 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744520.5141 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8526e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744520.5141 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.49 kN. 

           -. phiPn =  phi*Pn  =      16366.94 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2021.79 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16366.94 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1396.15 

           -. --------  =  ---------------  =  0.435  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 15.75 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.435  +  0.005 ] 

                      =  0.502  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         34.75 kN. 

                 Vuy                34.75 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        612.15 kN. 

                 Vuz               612.15 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25006e+000,  Lz   = 4.25006e+000,  Lb   = 4.25006e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       343.86              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             343.86              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                343.86 

           -. -------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.132  +  0.000 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25090e+000,  Lz   = 4.25090e+000,  Lb   = 4.25090e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        89.95              48.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL              89.95              48.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 89.95 

           -. -------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.59 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.59 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.59 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.59 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.59 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.95 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.59 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.127  +  0.000 ] 

                      =  0.140  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.06 kN. 

                 Vuz                46.06 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24994e+000,  Lz   = 4.24994e+000,  Lb   = 4.24994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES         6.94              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL               6.94              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                  6.94 

           -. -------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.001 + [  0.127  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25016e+000,  Lz   = 4.25016e+000,  Lb   = 4.25016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        43.42              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL              43.42              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 43.42 

           -. -------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.127  +  0.000 ] 

                      =  0.133  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  15058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24960e+000,  Lz   = 4.24960e+000,  Lb   = 4.24960e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       221.79              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             221.79              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                221.79 

           -. -------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5012 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.64 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.64 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.132  +  0.000 ] 

                      =  0.165  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24954e+000,  Lz   = 4.24954e+000,  Lb   = 4.24954e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1367.37             913.72              32.10 

           ---------------------------------------------------------------- 

            TOTAL            1367.37             913.72              32.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      913.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       32.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    21.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1367.37 

           -. -------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                913.72 

           -. --------  =  ---------------  =  0.321  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 32.10 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.321  +  0.012 ] 

                      =  0.378  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         31.62 kN. 

                 Vuy                31.62 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        348.98 kN. 

                 Vuz               348.98 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  15060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24963e+000,  Lz   = 4.24963e+000,  Lb   = 4.24963e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       265.32              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             265.32              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                265.32 

           -. -------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.132  +  0.000 ] 

                      =  0.172  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25076e+000,  Lz   = 4.25076e+000,  Lb   = 4.25076e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       176.97              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             176.97              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                176.97 

           -. -------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.60 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.60 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.60 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.60 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.127  +  0.000 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.06 kN. 

                 Vuz                46.06 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25019e+000,  Lz   = 4.25019e+000,  Lb   = 4.25019e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       316.66              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             316.66              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                316.66 

           -. -------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5055 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5057 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.127  +  0.000 ] 

                      =  0.175  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24984e+000,  Lz   = 4.24984e+000,  Lb   = 4.24984e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       398.86              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             398.86              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                398.86 

           -. -------  =  ---------------  =  0.121  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.127  +  0.000 ] 

                      =  0.187  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24963e+000,  Lz   = 4.24963e+000,  Lb   = 4.24963e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       435.44              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             435.44              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                435.44 

           -. -------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.132  +  0.000 ] 

                      =  0.198  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5087 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  15065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89029e+000,  Lz   = 1.89029e+000,  Lb   = 1.89029e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1445.98            2164.34              98.39 

           ---------------------------------------------------------------- 

            TOTAL            1445.98            2164.34              98.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2164.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       98.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1445.98 

           -. -------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2164.34 

           -. --------  =  ---------------  =  0.674  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 98.39 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.674  +  0.034 ] 

                      =  0.749  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         98.91 kN. 

                 Vuy                98.91 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =       2116.84 kN. 

                 Vuz              2116.84 

           -. --------  =  ---------------  =  0.347  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89052e+000,  Lz   = 1.89052e+000,  Lb   = 1.89052e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       736.36            1294.15              65.66 

           ---------------------------------------------------------------- 

            TOTAL             736.36            1294.15              65.66 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1294.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       65.66 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                736.36 

           -. -------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1294.15 

           -. --------  =  ---------------  =  0.403  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 65.66 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.403  +  0.023 ] 

                      =  0.447  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5099 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        141.67 kN. 

                 Vuy               141.67 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =       1208.03 kN. 

                 Vuz              1208.03 

           -. --------  =  ---------------  =  0.198  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15090,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24988e+000,  Lz   = 4.24988e+000,  Lb   = 4.24988e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       427.52              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             427.52              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                427.52 

           -. -------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.132  +  0.000 ] 

                      =  0.197  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15091,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24998e+000,  Lz   = 4.24998e+000,  Lb   = 4.24998e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       381.54              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             381.54              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                381.54 

           -. -------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.127  +  0.000 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15092,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25002e+000,  Lz   = 4.25002e+000,  Lb   = 4.25002e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       294.92              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             294.92              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                294.92 

           -. -------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5128 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.127  +  0.000 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15093,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25027e+000,  Lz   = 4.25027e+000,  Lb   = 4.25027e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       151.52              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             151.52              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                151.52 

           -. -------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.61 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.61 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.61 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny              386.61 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.127  +  0.000 ] 

                      =  0.150  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15094,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25011e+000,  Lz   = 4.25011e+000,  Lb   = 4.25011e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       245.74              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             245.74              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                245.74 

           -. -------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.62 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.62 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.62 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny              386.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.132  +  0.000 ] 

                      =  0.169  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15095,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36006e+000,  Lz   = 2.36006e+000,  Lb   = 2.36006e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2276.09      -343.76      -886.75       -22.85       -43.45 

           ------------------------------------------------------------------------------- 

            TOTAL           -2276.09      -343.76      -886.75       -22.85       -43.45 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2276.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991744.84 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744638.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2276.09            -886.75             -43.45 

           ---------------------------------------------------------------- 

            TOTAL           -2276.09            -886.75             -43.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -886.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -43.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744638.0092 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8532e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744638.0092 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.52 kN. 

           -. phiPn =  phi*Pn  =      16366.97 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2276.09 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            16366.97 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                886.75 

           -. --------  =  ---------------  =  0.276  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5169 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 43.45 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.070 + [  0.276  +  0.015 ] 

                      =  0.361  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         66.71 kN. 

                 Vuy                66.71 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        415.17 kN. 

                 Vuz               415.17 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15096,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24991e+000,  Lz   = 4.24991e+000,  Lb   = 4.24991e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       258.58              53.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL             258.58              53.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       53.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                258.58 

           -. -------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 53.33 

           -. --------  =  ---------------  =  0.138  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.138  +  0.000 ] 

                      =  0.177  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         50.19 kN. 

                 Vuz                50.19 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15097,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24988e+000,  Lz   = 4.24988e+000,  Lb   = 4.24988e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       265.88              53.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL             265.88              53.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       53.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    87.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                265.88 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.25 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   386.63 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  386.63 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        386.63 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        386.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 53.33 

           -. --------  =  ---------------  =  0.138  <  1.000  --->  O.K. 

               phiMny              386.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.138  +  0.000 ] 

                      =  0.178  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         50.19 kN. 

                 Vuz                50.19 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15098,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24986e+000,  Lz   = 4.24986e+000,  Lb   = 4.24986e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1578.78      -293.00      -503.70       -55.07       -25.97 

           ------------------------------------------------------------------------------- 

            TOTAL           -1578.78      -293.00      -503.70       -55.07       -25.97 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5198 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1578.78 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271884.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204476.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1578.78            -503.70             -25.97 

           ---------------------------------------------------------------- 

            TOTAL           -1578.78            -503.70             -25.97 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -503.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -25.97 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204476.0134 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1746e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204476.0134 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.76 kN. 

           -. phiPn =  phi*Pn  =      14068.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1578.78 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            14068.59 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                503.70 

           -. --------  =  ---------------  =  0.177  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 25.97 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.177  +  0.010 ] 

                      =  0.243  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         22.47 kN. 

                 Vuy                22.47 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        111.76 kN. 

                 Vuz               111.76 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  16002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33990e+000,  Lz   = 1.33990e+000,  Lb   = 1.33990e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       290.81               5.07               0.00 

           ---------------------------------------------------------------- 

            TOTAL             290.81               5.07               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                290.81 

           -. -------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.55 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.55 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.55 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.55 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.07 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMny              482.55 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.010  +  0.000 ] 

                      =  0.055  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89911e-001,  Lz   = 4.89911e-001,  Lb   = 4.89911e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -106.56         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -106.56         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      106.56 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.27 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0433 

              Pey    =  (Area*Fy)/Lambda^2       =  1852132.92 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.05 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1328 

              Pez    =  (Area*Fy)/Lambda^2       =   196808.58 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -106.56               0.21               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -106.56               0.21               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.0  <   120.0  --->  O.K. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5223 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  196808.5757 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =  196808.5757 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          56.72 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3444.11 kN. 

           -. phiPn =  phi*Pn  =       3099.70 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                106.56 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn             3099.70 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  
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           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 
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      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 
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           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.21 

           -. --------  =  ---------------  =4.440e-004  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 
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   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [4.440e-004  +  0.000 ] 

                      =  0.018  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90202e-001,  Lz   = 4.90202e-001,  Lb   = 4.90202e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       171.77               0.21               0.00 

           ---------------------------------------------------------------- 

            TOTAL             171.77               0.21               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                171.77 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5239 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.21 

           -. --------  =  ---------------  =4.294e-004  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [4.294e-004  +  0.000 ] 

                      =  0.026  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          2.78 kN. 

                 Vuz                 2.78 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33979e+000,  Lz   = 1.33979e+000,  Lb   = 1.33979e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       332.11               4.02               0.00 

           ---------------------------------------------------------------- 

            TOTAL             332.11               4.02               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        4.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                332.11 

           -. -------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.56 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.56 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.56 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.56 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.56 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  4.02 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMny              482.56 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.008  +  0.000 ] 

                      =  0.059  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5255 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35977e+000,  Lz   = 2.35977e+000,  Lb   = 2.35977e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -550.81     -1950.27      -668.43      -118.39      -220.55 

           ------------------------------------------------------------------------------- 

            TOTAL            -550.81     -1950.27      -668.43      -118.39      -220.55 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      550.81 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991987.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744820.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -550.81           -1950.27            -118.39 

           ---------------------------------------------------------------- 

            TOTAL            -550.81           -1950.27            -118.39 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5259 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1950.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -118.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5261 DE 12066 

 

 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744820.0061 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8541e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744820.0061 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.57 kN. 

           -. phiPn =  phi*Pn  =      16367.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                550.81 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16367.01 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1950.27 

           -. --------  =  ---------------  =  0.607  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                118.39 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.607  +  0.041 ] 

                      =  0.665  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        206.15 kN. 

                 Vuy               206.15 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        575.55 kN. 

                 Vuz               575.55 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  16065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35975e+000,  Lz   = 2.35975e+000,  Lb   = 2.35975e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -622.84     -1817.69      -631.38      -201.83      -236.63 

           ------------------------------------------------------------------------------- 

            TOTAL            -622.84     -1817.69      -631.38      -201.83      -236.63 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      622.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992001.84 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744830.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -622.84           -1817.69            -201.83 

           ---------------------------------------------------------------- 

            TOTAL            -622.84           -1817.69            -201.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1817.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -201.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744830.9742 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8542e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744830.9742 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.57 kN. 

           -. phiPn =  phi*Pn  =      16367.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                622.84 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16367.01 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1817.69 

           -. --------  =  ---------------  =  0.566  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                201.83 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.566  +  0.070 ] 

                      =  0.655  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        259.63 kN. 

                 Vuy               259.63 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        544.04 kN. 

                 Vuz               544.04 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  16066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34042e+000,  Lz   = 1.34042e+000,  Lb   = 1.34042e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5279 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       377.24               5.07               0.00 

           ---------------------------------------------------------------- 

            TOTAL             377.24               5.07               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                377.24 

           -. -------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5284 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.53 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.53 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.07 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.057 + [  0.011  +  0.000 ] 

                      =  0.068  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.13 kN. 

                 Vuz                15.13 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90442e-001,  Lz   = 4.90442e-001,  Lb   = 4.90442e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       153.42               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL             153.42               0.52               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                153.42 

           -. -------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.001  +  0.000 ] 

                      =  0.024  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90539e-001,  Lz   = 4.90539e-001,  Lb   = 4.90539e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       160.37               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL             160.37               0.52               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                160.37 

           -. -------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5306 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5310 DE 12066 

 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.001  +  0.000 ] 

                      =  0.025  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33941e+000,  Lz   = 1.33941e+000,  Lb   = 1.33941e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       376.06               5.06               0.00 

           ---------------------------------------------------------------- 

            TOTAL             376.06               5.06               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                376.06 

           -. -------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.57 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.57 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.57 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.06 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMny              482.57 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.057 + [  0.010  +  0.000 ] 

                      =  0.068  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5323 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35892e+000,  Lz   = 2.35892e+000,  Lb   = 2.35892e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -215.93     -1000.66      -349.46      -143.58      -164.58 

           ------------------------------------------------------------------------------- 

            TOTAL            -215.93     -1000.66      -349.46      -143.58      -164.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      215.93 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.29 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1360 

              Pey    =  (Area*Fy)/Lambda^2       =   992702.10 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1570 

              Pez    =  (Area*Fy)/Lambda^2       =   745356.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -215.93           -1000.66            -143.58 

           ---------------------------------------------------------------- 

            TOTAL            -215.93           -1000.66            -143.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1000.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -143.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  745356.7524 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.359 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8569e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  745356.7524 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.57 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.70 kN. 

           -. phiPn =  phi*Pn  =      16367.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                215.93 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            16367.13 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.06 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.06 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1000.66 

           -. --------  =  ---------------  =  0.312  <  1.000  --->  O.K. 

               phiMny             3211.06 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                143.58 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.312  +  0.050 ] 

                      =  0.368  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        230.44 kN. 

                 Vuy               230.44 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        308.93 kN. 

                 Vuz               308.93 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.99981e+000,  Lz   = 1.99981e+000,  Lb   = 1.99981e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -183.15      -396.40     -1087.19      -249.28      -119.25 

           ------------------------------------------------------------------------------- 

            TOTAL            -183.15      -396.40     -1087.19      -249.28      -119.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      183.15 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1054 

              Pey    =  (Area*Fy)/Lambda^2       =  2142632.63 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.36 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0709 

              Pez    =  (Area*Fy)/Lambda^2       =  4735804.45 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -183.15           -1087.19            -119.25 

           ---------------------------------------------------------------- 

            TOTAL            -183.15           -1087.19            -119.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1087.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -119.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2142632.6296 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4450e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 2142632.6296 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          99.40 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21465.04 kN. 

           -. phiPn =  phi*Pn  =      19318.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                183.15 

           -. -------  =  ---------------  =     9.48e-003  <  1.000  --->  O.K. 

               phiPn            19318.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4986.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4986.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1087.19 

           -. --------  =  ---------------  =  0.218  <  1.000  --->  O.K. 

               phiMny             4986.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6608.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6608.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6608.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                119.25 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6608.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.218  +  0.018 ] 

                      =  0.241  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        213.88 kN. 

                 Vuy               213.88 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        647.29 kN. 

                 Vuz               647.29 

           -. --------  =  ---------------  =  0.122  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  17002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00066e+000,  Lz   = 4.00066e+000,  Lb   = 4.00066e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       140.13              45.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             140.13              45.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                140.13 

           -. -------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.84 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.84 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.15 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.84 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.114  +  0.000 ] 

                      =  0.136  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.15 kN. 

                 Vuz                45.15 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99979e+000,  Lz   = 3.99979e+000,  Lb   = 3.99979e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5359 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        49.63              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              49.63              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 49.63 

           -. -------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.110  +  0.000 ] 

                      =  0.117  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00073e+000,  Lz   = 4.00073e+000,  Lb   = 4.00073e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        13.29              43.36               0.00 

           ---------------------------------------------------------------- 

            TOTAL              13.29              43.36               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 13.29 

           -. -------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.84 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.84 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.36 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.84 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.002 + [  0.110  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17005,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99933e+000,  Lz   = 3.99933e+000,  Lb   = 3.99933e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       117.65              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL             117.65              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                117.65 

           -. -------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.89 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.89 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.110  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17006,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00005e+000,  Lz   = 4.00005e+000,  Lb   = 4.00005e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       280.06              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             280.06              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                280.06 

           -. -------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.114  +  0.000 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5405 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36057e+000,  Lz   = 2.36057e+000,  Lb   = 2.36057e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1610.12      -558.44      -970.44       -97.76       -72.31 

           ------------------------------------------------------------------------------- 

            TOTAL           -1610.12      -558.44      -970.44       -97.76       -72.31 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1610.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991314.31 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744314.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1610.12            -970.44             -72.31 

           ---------------------------------------------------------------- 

            TOTAL           -1610.12            -970.44             -72.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -970.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -72.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744314.7530 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.361 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8515e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744314.7530 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.44 kN. 

           -. phiPn =  phi*Pn  =      16366.90 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1610.12 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            16366.90 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                970.44 

           -. --------  =  ---------------  =  0.302  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 72.31 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.302  +  0.025 ] 

                      =  0.376  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5415 DE 12066 

 

 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        248.91 kN. 

                 Vuy               248.91 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        478.27 kN. 

                 Vuz               478.27 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99906e+000,  Lz   = 3.99906e+000,  Lb   = 3.99906e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       262.68              45.12               0.00 

           ---------------------------------------------------------------- 

            TOTAL             262.68              45.12               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                262.68 

           -. -------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5423 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.89 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.12 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.89 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.114  +  0.000 ] 

                      =  0.154  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.13 kN. 

                 Vuz                45.13 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00075e+000,  Lz   = 4.00075e+000,  Lb   = 4.00075e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5430 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        83.80              43.36               0.00 

           ---------------------------------------------------------------- 

            TOTAL              83.80              43.36               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 83.80 

           -. -------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.84 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.84 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.36 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.84 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.110  +  0.000 ] 

                      =  0.123  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99920e+000,  Lz   = 3.99920e+000,  Lb   = 3.99920e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        25.93              43.32               0.00 

           ---------------------------------------------------------------- 

            TOTAL              25.93              43.32               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 25.93 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.89 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.32 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.89 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.110  +  0.000 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00035e+000,  Lz   = 4.00035e+000,  Lb   = 4.00035e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES         5.77              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL               5.77              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                  5.77 

           -. -------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =8.753e-004 + [  0.110  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00047e+000,  Lz   = 4.00047e+000,  Lb   = 4.00047e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       204.13              45.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             204.13              45.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                204.13 

           -. -------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.15 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.114  +  0.000 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.15 kN. 

                 Vuz                45.15 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00003e+000,  Lz   = 4.00003e+000,  Lb   = 4.00003e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1681.12      -600.61      -345.62       -29.16       -21.09 

           ------------------------------------------------------------------------------- 

            TOTAL           -1681.12      -600.61      -345.62       -29.16       -21.09 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1681.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       17.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2294 

              Pey    =  (Area*Fy)/Lambda^2       =   306907.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       20.02 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2646 

              Pez    =  (Area*Fy)/Lambda^2       =   230815.55 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1681.12            -600.61             -29.16 

           ---------------------------------------------------------------- 

            TOTAL           -1681.12            -600.61             -29.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -600.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -29.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    20.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  230815.5472 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.3259e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  230815.5472 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          14.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15690.87 kN. 

           -. phiPn =  phi*Pn  =      14121.78 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1681.12 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            14121.78 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.09 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                600.61 

           -. --------  =  ---------------  =  0.211  <  1.000  --->  O.K. 

               phiMny             2851.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 29.16 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.211  +  0.011 ] 

                      =  0.282  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         28.06 kN. 

                 Vuy                28.06 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        247.11 kN. 

                 Vuz               247.11 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  17014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00009e+000,  Lz   = 4.00009e+000,  Lb   = 4.00009e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       239.27              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             239.27              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                239.27 

           -. -------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5493 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.114  +  0.000 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99991e+000,  Lz   = 3.99991e+000,  Lb   = 3.99991e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        39.44              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              39.44              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 39.44 

           -. -------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.110  +  0.000 ] 

                      =  0.116  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00091e+000,  Lz   = 4.00091e+000,  Lb   = 4.00091e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        28.16              43.36               0.00 

           ---------------------------------------------------------------- 

            TOTAL              28.16              43.36               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 28.16 

           -. -------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.83 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.83 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.83 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.83 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.36 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.83 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.110  +  0.000 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00018e+000,  Lz   = 4.00018e+000,  Lb   = 4.00018e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        58.39              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              58.39              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 58.39 

           -. -------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.110  +  0.000 ] 

                      =  0.119  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5536 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  17018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00063e+000,  Lz   = 4.00063e+000,  Lb   = 4.00063e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       141.32              45.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             141.32              45.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                141.32 

           -. -------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5543 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.84 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.84 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.15 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.84 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.114  +  0.000 ] 

                      =  0.136  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.15 kN. 

                 Vuz                45.15 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35977e+000,  Lz   = 2.35977e+000,  Lb   = 2.35977e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -229.56      -649.57      -720.90      -173.78      -175.68 

           ------------------------------------------------------------------------------- 

            TOTAL            -229.56      -649.57      -720.90      -173.78      -175.68 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      229.56 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991987.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744820.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -229.56            -720.90            -175.68 

           ---------------------------------------------------------------- 

            TOTAL            -229.56            -720.90            -175.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -720.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -175.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744820.0061 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8541e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744820.0061 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.57 kN. 

           -. phiPn =  phi*Pn  =      16367.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                229.56 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            16367.01 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                720.90 

           -. --------  =  ---------------  =  0.225  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                175.68 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.225  +  0.061 ] 

                      =  0.292  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        180.28 kN. 

                 Vuy               180.28 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        507.61 kN. 

                 Vuz               507.61 

           -. --------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.35056e+000,  Lz   = 1.35056e+000,  Lb   = 1.35056e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       624.94               5.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             624.94               5.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                624.94 

           -. -------  =  ---------------  =  0.190  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.20 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.20 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.20 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.20 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.20 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.15 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.20 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.095 + [  0.011  +  0.000 ] 

                      =  0.105  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.24 kN. 

                 Vuz                15.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89902e-001,  Lz   = 4.89902e-001,  Lb   = 4.89902e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       484.06               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             484.06               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                484.06 

           -. -------  =  ---------------  =  0.147  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.073 + [  0.001  +  0.000 ] 

                      =  0.075  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89891e-001,  Lz   = 4.89891e-001,  Lb   = 4.89891e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       472.28               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             472.28               0.65               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5584 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                472.28 

           -. -------  =  ---------------  =  0.143  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5591 DE 12066 

 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.001  +  0.000 ] 

                      =  0.073  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.35027e+000,  Lz   = 1.35027e+000,  Lb   = 1.35027e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       623.76               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             623.76               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                623.76 

           -. -------  =  ---------------  =  0.189  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5599 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.21 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.21 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.21 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.21 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.21 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.21 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.095 + [  0.011  +  0.000 ] 

                      =  0.105  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.24 kN. 

                 Vuz                15.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5605 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  17065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36085e+000,  Lz   = 2.36085e+000,  Lb   = 2.36085e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -231.87      -568.57      -626.42      -106.42      -119.66 

           ------------------------------------------------------------------------------- 

            TOTAL            -231.87      -568.57      -626.42      -106.42      -119.66 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      231.87 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1362 

              Pey    =  (Area*Fy)/Lambda^2       =   991078.83 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744137.94 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -231.87            -626.42            -119.66 

           ---------------------------------------------------------------- 

            TOTAL            -231.87            -626.42            -119.66 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -626.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -119.66 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744137.9428 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.361 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8506e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744137.9428 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.50 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.39 kN. 

           -. phiPn =  phi*Pn  =      16366.86 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                231.87 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            16366.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                626.42 

           -. --------  =  ---------------  =  0.195  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                119.66 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.195  +  0.041 ] 

                      =  0.244  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        209.39 kN. 

                 Vuy               209.39 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        441.75 kN. 

                 Vuz               441.75 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00005e+000,  Lz   = 4.00005e+000,  Lb   = 4.00005e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       171.91              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             171.91              45.14               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5618 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                171.91 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5619 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.114  +  0.000 ] 

                      =  0.140  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99943e+000,  Lz   = 3.99943e+000,  Lb   = 3.99943e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        80.32              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              80.32              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 80.32 

           -. -------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5634 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.88 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.88 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.88 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.88 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.110  +  0.000 ] 

                      =  0.122  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5640 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  17068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00001e+000,  Lz   = 4.00001e+000,  Lb   = 4.00001e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        34.82              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              34.82              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 34.82 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.110  +  0.000 ] 

                      =  0.115  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99981e+000,  Lz   = 3.99981e+000,  Lb   = 3.99981e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5653 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        46.41              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              46.41              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 46.41 

           -. -------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.110  +  0.000 ] 

                      =  0.117  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99968e+000,  Lz   = 3.99968e+000,  Lb   = 3.99968e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       243.09              45.13               0.00 

           ---------------------------------------------------------------- 

            TOTAL             243.09              45.13               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                243.09 

           -. -------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.13 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.114  +  0.000 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00035e+000,  Lz   = 4.00035e+000,  Lb   = 4.00035e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1687.37      -562.58      -368.68       -29.10       -14.99 

           ------------------------------------------------------------------------------- 

            TOTAL           -1687.37      -562.58      -368.68       -29.10       -14.99 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1687.37 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       17.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2295 

              Pey    =  (Area*Fy)/Lambda^2       =   306858.39 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       20.02 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2646 

              Pez    =  (Area*Fy)/Lambda^2       =   230778.64 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1687.37            -562.58             -29.10 

           ---------------------------------------------------------------- 

            TOTAL           -1687.37            -562.58             -29.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -562.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -29.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    20.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  230778.6375 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.3257e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  230778.6375 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          14.28 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15690.80 kN. 

           -. phiPn =  phi*Pn  =      14121.72 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1687.37 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            14121.72 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.09 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                562.58 

           -. --------  =  ---------------  =  0.197  <  1.000  --->  O.K. 

               phiMny             2851.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 29.10 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.197  +  0.011 ] 

                      =  0.268  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         25.14 kN. 

                 Vuy                25.14 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        194.69 kN. 

                 Vuz               194.69 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz             5326.62 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5687 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  17072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00013e+000,  Lz   = 4.00013e+000,  Lb   = 4.00013e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       205.34              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             205.34              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                205.34 

           -. -------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5695 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.114  +  0.000 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99967e+000,  Lz   = 3.99967e+000,  Lb   = 3.99967e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES         4.07              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL               4.07              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                  4.07 

           -. -------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =6.180e-004 + [  0.110  +  0.000 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00056e+000,  Lz   = 4.00056e+000,  Lb   = 4.00056e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        26.83              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              26.83              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 26.83 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5716 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.110  +  0.000 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99970e+000,  Lz   = 3.99970e+000,  Lb   = 3.99970e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        92.94              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              92.94              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 92.94 

           -. -------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5726 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.110  +  0.000 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99986e+000,  Lz   = 3.99986e+000,  Lb   = 3.99986e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       281.71              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             281.71              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                281.71 

           -. -------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5740 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.114  +  0.000 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5746 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36008e+000,  Lz   = 2.36008e+000,  Lb   = 2.36008e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1596.74      -461.73     -1086.13       -52.86       -59.31 

           ------------------------------------------------------------------------------- 

            TOTAL           -1596.74      -461.73     -1086.13       -52.86       -59.31 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1596.74 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991727.93 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744625.31 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1596.74           -1086.13             -59.31 

           ---------------------------------------------------------------- 

            TOTAL           -1596.74           -1086.13             -59.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1086.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -59.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744625.3089 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8531e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744625.3089 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.52 kN. 

           -. phiPn =  phi*Pn  =      16366.97 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1596.74 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            16366.97 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1086.13 

           -. --------  =  ---------------  =  0.338  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 59.31 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.338  +  0.020 ] 

                      =  0.408  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        299.54 kN. 

                 Vuy               299.54 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        419.96 kN. 

                 Vuz               419.96 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00022e+000,  Lz   = 4.00022e+000,  Lb   = 4.00022e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       272.31              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             272.31              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                272.31 

           -. -------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.114  +  0.000 ] 

                      =  0.156  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99985e+000,  Lz   = 3.99985e+000,  Lb   = 3.99985e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        91.29              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              91.29              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 91.29 

           -. -------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5776 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.110  +  0.000 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00010e+000,  Lz   = 4.00010e+000,  Lb   = 4.00010e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        26.11              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              26.11              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 26.11 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.110  +  0.000 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00035e+000,  Lz   = 4.00035e+000,  Lb   = 4.00035e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES         5.79              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL               5.79              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                  5.79 

           -. -------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =8.781e-004 + [  0.110  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5805 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00006e+000,  Lz   = 4.00006e+000,  Lb   = 4.00006e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       209.08              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             209.08              45.14               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5808 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                209.08 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.114  +  0.000 ] 

                      =  0.146  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17083,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99925e+000,  Lz   = 3.99925e+000,  Lb   = 3.99925e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5819 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1732.46      -541.05      -385.03        -9.22       -40.50 

           ------------------------------------------------------------------------------- 

            TOTAL           -1732.46      -541.05      -385.03        -9.22       -40.50 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1732.46 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       17.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2294 

              Pey    =  (Area*Fy)/Lambda^2       =   307026.28 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       20.01 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2645 

              Pez    =  (Area*Fy)/Lambda^2       =   230904.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1732.46            -541.05              -9.22 

           ---------------------------------------------------------------- 

            TOTAL           -1732.46            -541.05              -9.22 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -541.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       -9.22 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    20.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  230904.9062 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.999 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.3264e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  230904.9062 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          14.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15691.05 kN. 

           -. phiPn =  phi*Pn  =      14121.94 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1732.46 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            14121.94 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.10 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.10 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                541.05 

           -. --------  =  ---------------  =  0.190  <  1.000  --->  O.K. 

               phiMny             2851.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.71 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.71 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.71 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  9.22 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             2574.71 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.190  +  0.004 ] 

                      =  0.255  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         38.27 kN. 

                 Vuy                38.27 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        166.04 kN. 

                 Vuz               166.04 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  17084,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99990e+000,  Lz   = 3.99990e+000,  Lb   = 3.99990e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       238.98              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             238.98              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                238.98 

           -. -------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.87 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.87 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.87 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.114  +  0.000 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17085,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00005e+000,  Lz   = 4.00005e+000,  Lb   = 4.00005e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        40.22              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              40.22              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 40.22 

           -. -------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.110  +  0.000 ] 

                      =  0.116  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17086,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00041e+000,  Lz   = 4.00041e+000,  Lb   = 4.00041e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        34.88              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              34.88              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 34.88 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.85 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.85 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.85 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.85 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5862 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.110  +  0.000 ] 

                      =  0.115  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17087,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00001e+000,  Lz   = 4.00001e+000,  Lb   = 4.00001e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        85.41              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              85.41              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 85.41 

           -. -------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5868 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.86 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.86 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              394.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.110  +  0.000 ] 

                      =  0.123  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5876 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17088,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00078e+000,  Lz   = 4.00078e+000,  Lb   = 4.00078e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       176.55              45.16               0.00 

           ---------------------------------------------------------------- 

            TOTAL             176.55              45.16               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    82.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                176.55 

           -. -------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    4.00 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   394.84 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  394.84 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        394.84 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        394.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.16 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny              394.84 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.114  +  0.000 ] 

                      =  0.141  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.15 kN. 

                 Vuz                45.15 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36016e+000,  Lz   = 2.36016e+000,  Lb   = 2.36016e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5890 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1147.90      -362.48      -633.49      -108.19       -61.00 

           ------------------------------------------------------------------------------- 

            TOTAL           -1147.90      -362.48      -633.49      -108.19       -61.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1147.90 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991659.56 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744573.98 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1147.90            -633.49             -61.00 

           ---------------------------------------------------------------- 

            TOTAL           -1147.90            -633.49             -61.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -633.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -61.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744573.9771 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8528e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744573.9771 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.50 kN. 

           -. phiPn =  phi*Pn  =      16366.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1147.90 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            16366.95 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                633.49 

           -. --------  =  ---------------  =  0.197  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 61.00 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.197  +  0.021 ] 

                      =  0.253  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        233.72 kN. 

                 Vuy               233.72 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        300.99 kN. 

                 Vuz               300.99 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17090,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34996e+000,  Lz   = 1.34996e+000,  Lb   = 1.34996e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       591.90               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             591.90               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                591.90 

           -. -------  =  ---------------  =  0.180  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.22 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.22 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.22 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.22 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.22 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.22 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.090 + [  0.011  +  0.000 ] 

                      =  0.100  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         15.23 kN. 

                 Vuz                15.23 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17091,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90609e-001,  Lz   = 4.90609e-001,  Lb   = 4.90609e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       425.58               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             425.58               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                425.58 

           -. -------  =  ---------------  =  0.129  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.001  +  0.000 ] 

                      =  0.066  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.32 kN. 

                 Vuz                 5.32 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  18001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.00075e+000,  Lz   = 2.00075e+000,  Lb   = 2.00075e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -922.30      -890.42      -397.02      -213.19      -201.94 

           ------------------------------------------------------------------------------- 

            TOTAL            -922.30      -890.42      -397.02      -213.19      -201.94 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      922.30 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1055 

              Pey    =  (Area*Fy)/Lambda^2       =  2140622.73 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.37 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0709 

              Pez    =  (Area*Fy)/Lambda^2       =  4731362.03 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -922.30            -890.42            -213.19 

           ---------------------------------------------------------------- 

            TOTAL            -922.30            -890.42            -213.19 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -890.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -213.19 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2140622.7326 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.001 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4427e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 2140622.7326 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          99.31 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21464.95 kN. 

           -. phiPn =  phi*Pn  =      19318.46 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                922.30 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            19318.46 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4986.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4986.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                890.42 

           -. --------  =  ---------------  =  0.179  <  1.000  --->  O.K. 

               phiMny             4986.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6608.38 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6608.38 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6608.38 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                213.19 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiMnz             6608.38 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.179  +  0.032 ] 

                      =  0.235  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        204.93 kN. 

                 Vuy               204.93 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        382.64 kN. 

                 Vuz               382.64 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  18007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63981e+000,  Lz   = 1.63981e+000,  Lb   = 1.63981e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1911.07      -957.86      -275.33       -23.73       -38.86 

           ------------------------------------------------------------------------------- 

            TOTAL           -1911.07      -957.86      -275.33       -23.73       -38.86 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1911.07 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.16 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0946 

              Pey    =  (Area*Fy)/Lambda^2       =  2054268.35 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1091 

              Pez    =  (Area*Fy)/Lambda^2       =  1542419.21 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1911.07            -957.86             -23.73 

           ---------------------------------------------------------------- 

            TOTAL           -1911.07            -957.86             -23.73 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -957.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -23.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1542419.2106 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.640 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.9813e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1542419.2106 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          83.94 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18282.93 kN. 

           -. phiPn =  phi*Pn  =      16454.63 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1911.07 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16454.63 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                957.86 

           -. --------  =  ---------------  =  0.298  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 23.73 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.298  +  0.008 ] 

                      =  0.364  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         98.77 kN. 

                 Vuy                98.77 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        639.73 kN. 

                 Vuz               639.73 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63989e+000,  Lz   = 1.63989e+000,  Lb   = 1.63989e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       539.38            1206.93             208.83 

           ---------------------------------------------------------------- 

            TOTAL             539.38            1206.93             208.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1206.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      208.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                539.38 

           -. -------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1206.93 

           -. --------  =  ---------------  =  0.376  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                208.83 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.376  +  0.072 ] 

                      =  0.463  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        206.87 kN. 

                 Vuy               206.87 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        772.38 kN. 

                 Vuz               772.38 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5952 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  18031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89055e+000,  Lz   = 1.89055e+000,  Lb   = 1.89055e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2330.71     -1493.86      -291.13       -15.69       -20.00 

           ------------------------------------------------------------------------------- 

            TOTAL           -2330.71     -1493.86      -291.13       -15.69       -20.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5954 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2330.71 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1545496.56 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1258 

              Pez    =  (Area*Fy)/Lambda^2       =  1160414.89 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2330.71           -1493.86             -15.69 

           ---------------------------------------------------------------- 

            TOTAL           -2330.71           -1493.86             -15.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1493.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -15.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1160414.8860 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.891 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0046e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1160414.8860 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.15 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18252.94 kN. 

           -. phiPn =  phi*Pn  =      16427.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2330.71 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            16427.65 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5959 DE 12066 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1493.86 

           -. --------  =  ---------------  =  0.465  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 15.69 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.071 + [  0.465  +  0.005 ] 

                      =  0.541  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         29.68 kN. 

                 Vuy                29.68 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =       1034.56 kN. 

                 Vuz              1034.56 

           -. --------  =  ---------------  =  0.170  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89059e+000,  Lz   = 1.89059e+000,  Lb   = 1.89059e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2578.49     -1453.12      -411.37       -12.80       -30.03 

           ------------------------------------------------------------------------------- 

            TOTAL           -2578.49     -1453.12      -411.37       -12.80       -30.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2578.49 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1545429.10 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1258 

              Pez    =  (Area*Fy)/Lambda^2       =  1160364.24 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2578.49           -1453.12             -12.80 

           ---------------------------------------------------------------- 

            TOTAL           -2578.49           -1453.12             -12.80 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1453.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -12.80 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1160364.2404 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.891 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0044e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1160364.2404 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.15 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18252.94 kN. 

           -. phiPn =  phi*Pn  =      16427.64 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2578.49 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            16427.64 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1453.12 

           -. --------  =  ---------------  =  0.452  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 12.80 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.078 + [  0.452  +  0.004 ] 

                      =  0.535  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         40.61 kN. 

                 Vuy                40.61 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        949.28 kN. 

                 Vuz               949.28 

           -. --------  =  ---------------  =  0.156  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89021e+000,  Lz   = 1.89021e+000,  Lb   = 1.89021e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2447.97     -1387.76      -342.49       -15.57       -34.41 

           ------------------------------------------------------------------------------- 

            TOTAL           -2447.97     -1387.76      -342.49       -15.57       -34.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2447.97 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1546061.05 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1258 

              Pez    =  (Area*Fy)/Lambda^2       =  1160838.73 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2447.97           -1387.76             -15.57 

           ---------------------------------------------------------------- 

            TOTAL           -2447.97           -1387.76             -15.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1387.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -15.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5980 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1160838.7289 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.890 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0068e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1160838.7289 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.18 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18252.99 kN. 

           -. phiPn =  phi*Pn  =      16427.69 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2447.97 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            16427.69 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1387.76 

           -. --------  =  ---------------  =  0.432  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 15.57 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.432  +  0.005 ] 

                      =  0.512  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         33.37 kN. 

                 Vuy                33.37 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        929.34 kN. 

                 Vuz               929.34 

           -. --------  =  ---------------  =  0.152  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63984e+000,  Lz   = 1.63984e+000,  Lb   = 1.63984e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       264.16            1145.48              76.94 

           ---------------------------------------------------------------- 

            TOTAL             264.16            1145.48              76.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1145.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       76.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                264.16 

           -. -------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 5988 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1145.48 

           -. --------  =  ---------------  =  0.357  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 76.94 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.357  +  0.027 ] 

                      =  0.391  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        180.94 kN. 

                 Vuy               180.94 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        717.16 kN. 

                 Vuz               717.16 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64072e+000,  Lz   = 1.64072e+000,  Lb   = 1.64072e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2005.82     -1059.05      -218.21        -9.04       -14.11 

           ------------------------------------------------------------------------------- 

            TOTAL           -2005.82     -1059.05      -218.21        -9.04       -14.11 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2005.82 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.16 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0946 

              Pey    =  (Area*Fy)/Lambda^2       =  2052001.14 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1092 

              Pez    =  (Area*Fy)/Lambda^2       =  1540716.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2005.82           -1059.05              -9.04 

           ---------------------------------------------------------------- 

            TOTAL           -2005.82           -1059.05              -9.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1059.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       -9.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1540716.9066 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.641 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.9725e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1540716.9066 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          83.85 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18282.83 kN. 

           -. phiPn =  phi*Pn  =      16454.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2005.82 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16454.54 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1059.05 

           -. --------  =  ---------------  =  0.330  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  9.04 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             2895.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.330  +  0.003 ] 

                      =  0.394  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        115.15 kN. 

                 Vuy               115.15 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        757.89 kN. 

                 Vuz               757.89 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18089,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64052e+000,  Lz   = 1.64052e+000,  Lb   = 1.64052e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       663.10            1059.33             232.94 

           ---------------------------------------------------------------- 

            TOTAL             663.10            1059.33             232.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1059.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      232.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                663.10 

           -. -------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1059.33 

           -. --------  =  ---------------  =  0.330  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.45 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                232.94 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiMnz             2895.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.330  +  0.080 ] 

                      =  0.429  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        173.96 kN. 

                 Vuy               173.96 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        767.78 kN. 

                 Vuz               767.78 

           -. --------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18095,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89076e+000,  Lz   = 1.89076e+000,  Lb   = 1.89076e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2339.08      -851.23      -455.52       -26.57       -56.63 

           ------------------------------------------------------------------------------- 

            TOTAL           -2339.08      -851.23      -455.52       -26.57       -56.63 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2339.08 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1545154.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1258 

              Pez    =  (Area*Fy)/Lambda^2       =  1160157.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2339.08            -851.23             -26.57 

           ---------------------------------------------------------------- 

            TOTAL           -2339.08            -851.23             -26.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -851.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -26.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1160157.8081 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.891 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0033e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1160157.8081 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18252.91 kN. 

           -. phiPn =  phi*Pn  =      16427.62 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2339.08 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            16427.62 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                851.23 

           -. --------  =  ---------------  =  0.265  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 26.57 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.071 + [  0.265  +  0.009 ] 

                      =  0.345  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         55.91 kN. 

                 Vuy                55.91 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        858.20 kN. 

                 Vuz               858.20 

           -. --------  =  ---------------  =  0.141  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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3.2. CALZADA PEATONAL TRAMO 2 
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       |  MIDAS Information Technology Co.,Ltd.         (MIDAS IT)  | 

       |  MIDAS IT Design Development Team                          | 

       +============================================================+ 

       |            HomePage : www.MidasUser.com                    | 

       +============================================================+ 

       |  MIDAS/Civil  Version 8.8.5                                | 

       +============================================================+ 
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    *. DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 

-------------------------------------------------------------------------------------- 

     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 

-------------------------------------------------------------------------------------- 

     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

                +    PL01i-int_( 4.300) +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) 

                +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

                +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

                +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

                +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

                +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

                +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

                +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

                +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

                +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

                +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

                +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

                +    PL10i-int_( 4.300) 

     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

                +    PL01i-int_( 4.300) +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) 

                +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

                +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

                +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

                +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

                +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

                +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

                +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

                +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
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                +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

                +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

                +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

                +    PL10i-int_( 4.300) 

     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

                +    PL01i-int_( 7.190) +     PL02d-ext( 7.190) +    PL02i-ext_( 7.190) 

                +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

                +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

                +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

                +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

                +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

                +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

                +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

                +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

                +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

                +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

                +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

                +    PL10i-int_( 7.190) 

     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

                +    PL01i-int_( 7.190) +     PL02d-ext( 7.190) +    PL02i-ext_( 7.190) 

                +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

                +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

                +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

                +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

                +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

                +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

                +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

                +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

                +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

                +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 
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                +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

                +    PL10i-int_( 7.190) 

    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

                +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

                +     PL02d-ext( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

                +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

                +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

                +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

                +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

                +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

                +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

                +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

                +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

                +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

                +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

                +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

                +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
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                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

                +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

                +     PL02d-ext( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

                +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

                +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

                +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

                +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

                +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

                +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

                +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

                +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

                +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

                +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

                +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

                +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

                +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
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                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

                +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_1.0X/0.3Y_ENV( 1.000) 

    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_1.0X/0.3Y_ENV( 1.000) 

    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_0.3X/1.0Y_ENV( 1.000) 

    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_0.3X/1.0Y_ENV( 1.000) 

    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

                +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
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                +     PL02d-ext( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

                +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

                +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

                +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

                +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

                +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

                +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

                +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

                +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

                +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

                +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

                +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

                +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

                +     PL02d-ext( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

                +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

                +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

                +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

                +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

                +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

                +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

                +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

                +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

                +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

                +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

                +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

-------------------------------------------------------------------------------------- 
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      *. PROJECT     :  

      *. MEMBER NO   =   1001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.51539e+000,  Lz   = 1.51539e+000,  Lb   = 1.51539e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1643.44      -343.82      -402.24      -108.33      -250.16 

           ------------------------------------------------------------------------------- 

            TOTAL           -1643.44      -343.82      -402.24      -108.33      -250.16 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1643.44 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.75 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0363 

              Pey    =  (Area*Fy)/Lambda^2       = 23843029.13 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.90 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0911 

              Pez    =  (Area*Fy)/Lambda^2       =  3787395.00 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1643.44            -402.24            -250.16 

           ---------------------------------------------------------------- 

            TOTAL           -1643.44            -402.24            -250.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -402.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -250.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3787395.0011 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.515 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4393e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3787395.0011 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         177.70 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21263.29 kN. 

           -. phiPn =  phi*Pn  =      19136.96 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1643.44 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19136.96 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                402.24 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMny            11937.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.54 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.54 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                250.16 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             6075.54 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.034  +  0.041 ] 

                      =  0.118  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    I ) 

           -. Applied shear force : Vuy =        220.39 kN. 

                 Vuy               220.39 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        156.21 kN. 

                 Vuz               156.21 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.42836e+000,  Lz   = 1.42836e+000,  Lb   = 1.42836e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1644.91      -403.38      -560.20      -251.53      -162.36 

           ------------------------------------------------------------------------------- 

            TOTAL           -1644.91      -403.38      -560.20      -251.53      -162.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1644.91 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0342 

              Pey    =  (Area*Fy)/Lambda^2       = 26836914.41 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.50 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0859 

              Pez    =  (Area*Fy)/Lambda^2       =  4262964.86 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1644.91            -403.38            -251.53 

           ---------------------------------------------------------------- 

            TOTAL           -1644.91            -403.38            -251.53 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -403.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -251.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6045 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4262964.8650 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.428 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7456e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4262964.8650 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         200.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.87 kN. 

           -. phiPn =  phi*Pn  =      19141.99 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1644.91 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.62 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.62 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                403.38 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMny            11938.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                251.53 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.034  +  0.041 ] 

                      =  0.118  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         65.90 kN. 

                 Vuy                65.90 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        210.94 kN. 

                 Vuz               210.94 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6052 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.51554e+000,  Lz   = 1.51554e+000,  Lb   = 1.51554e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1646.94      -561.36      -824.52      -163.57      -188.15 

           ------------------------------------------------------------------------------- 

            TOTAL           -1646.94      -561.36      -824.52      -163.57      -188.15 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1646.94 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.75 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0363 

              Pey    =  (Area*Fy)/Lambda^2       = 23838222.89 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.90 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0912 

              Pez    =  (Area*Fy)/Lambda^2       =  3786631.54 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1646.94            -824.52            -188.15 

           ---------------------------------------------------------------- 

            TOTAL           -1646.94            -824.52            -188.15 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -824.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -188.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3786631.5441 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.516 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4388e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3786631.5441 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         177.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21263.28 kN. 

           -. phiPn =  phi*Pn  =      19136.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1646.94 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19136.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                824.52 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiMny            11937.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.54 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.54 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                188.15 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiMnz             6075.54 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.069  +  0.031 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        320.43 kN. 

                 Vuy               320.43 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        267.18 kN. 

                 Vuz               267.18 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46658e+000,  Lz   = 1.46658e+000,  Lb   = 1.46658e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -418.66     -1450.98      -415.86      -291.83       -87.93 

           ------------------------------------------------------------------------------- 

            TOTAL            -418.66     -1450.98      -415.86      -291.83       -87.93 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      418.66 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.66 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0352 

              Pey    =  (Area*Fy)/Lambda^2       = 25456667.07 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.67 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0882 

              Pez    =  (Area*Fy)/Lambda^2       =  4043716.64 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -418.66           -1450.98            -291.83 

           ---------------------------------------------------------------- 

            TOTAL            -418.66           -1450.98            -291.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1450.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -291.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4043716.6373 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.467 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6044e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6070 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4043716.6373 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         189.73 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21266.46 kN. 

           -. phiPn =  phi*Pn  =      19139.82 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                418.66 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19139.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1450.98 

           -. --------  =  ---------------  =  0.122  <  1.000  --->  O.K. 

               phiMny            11938.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                291.83 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.122  +  0.048 ] 

                      =  0.181  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        288.81 kN. 

                 Vuy               288.81 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        758.46 kN. 

                 Vuz               758.46 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1005,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34495e+000,  Lz   = 1.34495e+000,  Lb   = 1.34495e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2025.32      -795.15      -843.72      -131.36      -185.72 

           ------------------------------------------------------------------------------- 

            TOTAL           -2025.32      -795.15      -843.72      -131.36      -185.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2025.32 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30268976.81 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4808137.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2025.32            -843.72            -185.72 

           ---------------------------------------------------------------- 

            TOTAL           -2025.32            -843.72            -185.72 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6077 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -843.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -185.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4808137.8757 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0967e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4808137.8757 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.59 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.92 kN. 

           -. phiPn =  phi*Pn  =      19146.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2025.32 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            19146.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                843.72 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                185.72 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.071  +  0.031 ] 

                      =  0.154  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         85.97 kN. 

                 Vuy                85.97 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        703.36 kN. 

                 Vuz               703.36 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1006,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34454e+000,  Lz   = 1.34454e+000,  Lb   = 1.34454e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -472.30     -1156.44     -2068.42       -51.45      -160.27 

           ------------------------------------------------------------------------------- 

            TOTAL            -472.30     -1156.44     -2068.42       -51.45      -160.27 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      472.30 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30287378.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4811060.85 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -472.30           -2068.42            -160.27 

           ---------------------------------------------------------------- 

            TOTAL            -472.30           -2068.42            -160.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2068.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -160.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4811060.8529 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0986e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4811060.8529 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.73 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.95 kN. 

           -. phiPn =  phi*Pn  =      19146.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                472.30 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19146.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6093 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2068.42 

           -. --------  =  ---------------  =  0.173  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                160.27 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.173  +  0.026 ] 

                      =  0.212  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        144.56 kN. 

                 Vuy               144.56 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        708.06 kN. 

                 Vuz               708.06 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.42923e+000,  Lz   = 1.42923e+000,  Lb   = 1.42923e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -382.39     -1896.16     -1278.06      -108.91      -179.82 

           ------------------------------------------------------------------------------- 

            TOTAL            -382.39     -1896.16     -1278.06      -108.91      -179.82 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      382.39 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26804397.97 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.50 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0860 

              Pez    =  (Area*Fy)/Lambda^2       =  4257799.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -382.39           -1896.16            -108.91 

           ---------------------------------------------------------------- 

            TOTAL            -382.39           -1896.16            -108.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1896.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -108.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4257799.7243 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.429 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7423e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4257799.7243 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         199.77 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.82 kN. 

           -. phiPn =  phi*Pn  =      19141.94 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                382.39 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19141.94 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.61 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1896.16 

           -. --------  =  ---------------  =  0.159  <  1.000  --->  O.K. 

               phiMny            11938.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                108.91 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.159  +  0.018 ] 

                      =  0.187  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         60.01 kN. 

                 Vuy                60.01 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        476.42 kN. 

                 Vuz               476.42 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59139e+000,  Lz   = 1.59139e+000,  Lb   = 1.59139e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -398.29     -1249.16      -600.70      -174.22      -171.87 

           ------------------------------------------------------------------------------- 

            TOTAL            -398.29     -1249.16      -600.70      -174.22      -171.87 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      398.29 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0381 

              Pey    =  (Area*Fy)/Lambda^2       = 21620130.85 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.24 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0957 

              Pez    =  (Area*Fy)/Lambda^2       =  3434294.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -398.29           -1249.16            -174.22 

           ---------------------------------------------------------------- 

            TOTAL            -398.29           -1249.16            -174.22 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1249.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -174.22 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3434294.1510 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.591 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2119e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3434294.1510 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         161.13 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.14 kN. 

           -. phiPn =  phi*Pn  =      19132.32 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                398.29 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19132.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.61 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1249.16 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny            11936.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                174.22 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.105  +  0.029 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        188.31 kN. 

                 Vuy               188.31 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        495.94 kN. 

                 Vuz               495.94 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.01895e+000,  Lz   = 3.01895e+000,  Lb   = 3.01895e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -364.22      -403.08     -1572.88      -171.95      -364.02 

           ------------------------------------------------------------------------------- 

            TOTAL            -364.22      -403.08     -1572.88      -171.95      -364.02 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      364.22 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0724 

              Pey    =  (Area*Fy)/Lambda^2       =  6007558.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1816 

              Pez    =  (Area*Fy)/Lambda^2       =   954283.02 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -364.22           -1572.88            -364.02 

           ---------------------------------------------------------------- 

            TOTAL            -364.22           -1572.88            -364.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1572.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -364.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  954283.0165 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.019 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1462e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  954283.0165 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          44.77 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21115.12 kN. 

           -. phiPn =  phi*Pn  =      19003.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                364.22 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19003.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11919.05 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11919.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1572.88 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny            11919.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                364.02 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiMnz             6073.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.132  +  0.060 ] 

                      =  0.201  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6128 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        229.38 kN. 

                 Vuy               229.38 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        540.10 kN. 

                 Vuz               540.10 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43532e+000,  Lz   = 1.43532e+000,  Lb   = 1.43532e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1669.14      -972.53      -546.60       -90.47      -137.30 

           ------------------------------------------------------------------------------- 

            TOTAL           -1669.14      -972.53      -546.60       -90.47      -137.30 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1669.14 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26577525.65 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0863 

              Pez    =  (Area*Fy)/Lambda^2       =  4221761.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1669.14            -972.53             -90.47 

           ---------------------------------------------------------------- 

            TOTAL           -1669.14            -972.53             -90.47 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -972.53 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -90.47 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4221761.7240 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.435 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7191e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6136 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4221761.7240 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.44 kN. 

           -. phiPn =  phi*Pn  =      19141.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1669.14 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                972.53 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 90.47 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.081  +  0.015 ] 

                      =  0.140  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        185.19 kN. 

                 Vuy               185.19 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        359.92 kN. 

                 Vuz               359.92 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31589e+000,  Lz   = 1.31589e+000,  Lb   = 1.31589e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1670.47      -547.24      -395.43      -138.10      -143.21 

           ------------------------------------------------------------------------------- 

            TOTAL           -1670.47      -547.24      -395.43      -138.10      -143.21 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1670.47 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0315 

              Pey    =  (Area*Fy)/Lambda^2       = 31620870.07 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0791 

              Pez    =  (Area*Fy)/Lambda^2       =  5022882.14 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1670.47            -547.24            -138.10 

           ---------------------------------------------------------------- 

            TOTAL           -1670.47            -547.24            -138.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -547.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -138.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5022882.1412 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.316 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2351e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5022882.1412 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.67 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.61 kN. 

           -. phiPn =  phi*Pn  =      19148.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1670.47 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19148.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                547.24 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                138.10 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6149 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.046  +  0.023 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         81.99 kN. 

                 Vuy                81.99 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        299.94 kN. 

                 Vuz               299.94 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31564e+000,  Lz   = 1.31564e+000,  Lb   = 1.31564e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1731.64             869.59              77.14 

           ---------------------------------------------------------------- 

            TOTAL            1731.64             869.59              77.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      869.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       77.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1731.64 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                869.59 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 77.14 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.073  +  0.013 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         25.53 kN. 

                 Vuy                25.53 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        245.77 kN. 

                 Vuz               245.77 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31574e+000,  Lz   = 1.31574e+000,  Lb   = 1.31574e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1730.83             999.86              65.42 

           ---------------------------------------------------------------- 

            TOTAL            1730.83             999.86              65.42 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      999.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       65.42 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1730.83 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                999.86 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 65.42 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.084  +  0.011 ] 

                      =  0.123  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         63.07 kN. 

                 Vuy                63.07 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        189.08 kN. 

                 Vuz               189.08 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31588e+000,  Lz   = 1.31588e+000,  Lb   = 1.31588e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1729.95            1065.44              35.78 

           ---------------------------------------------------------------- 

            TOTAL            1729.95            1065.44              35.78 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1065.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       35.78 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1729.95 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1065.44 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 35.78 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.089  +  0.006 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         72.87 kN. 

                 Vuy                72.87 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        133.66 kN. 

                 Vuz               133.66 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43497e+000,  Lz   = 1.43497e+000,  Lb   = 1.43497e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1730.18            1091.66             373.55 

           ---------------------------------------------------------------- 

            TOTAL            1730.18            1091.66             373.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1091.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      373.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1730.18 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1091.66 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                373.55 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.091  +  0.061 ] 

                      =  0.182  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        275.73 kN. 

                 Vuy               275.73 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         88.91 kN. 

                 Vuz                88.91 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43503e+000,  Lz   = 1.43503e+000,  Lb   = 1.43503e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1703.80            1067.90             393.34 

           ---------------------------------------------------------------- 

            TOTAL            1703.80            1067.90             393.34 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1067.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      393.34 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1703.80 

           -. -------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1067.90 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                393.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.089  +  0.065 ] 

                      =  0.183  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        284.15 kN. 

                 Vuy               284.15 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =         91.04 kN. 

                 Vuz                91.04 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31614e+000,  Lz   = 1.31614e+000,  Lb   = 1.31614e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1701.99            1045.04              40.34 

           ---------------------------------------------------------------- 

            TOTAL            1701.99            1045.04              40.34 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1045.04 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       40.34 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1701.99 

           -. -------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.00 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6189 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1045.04 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMny            11940.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 40.34 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.088  +  0.007 ] 

                      =  0.123  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         83.70 kN. 

                 Vuy                83.70 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        134.38 kN. 

                 Vuz               134.38 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31557e+000,  Lz   = 1.31557e+000,  Lb   = 1.31557e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1701.30             953.71              59.16 

           ---------------------------------------------------------------- 

            TOTAL            1701.30             953.71              59.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      953.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       59.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1701.30 

           -. -------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                953.71 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 59.16 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.080  +  0.010 ] 

                      =  0.118  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         49.36 kN. 

                 Vuy                49.36 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        185.29 kN. 

                 Vuz               185.29 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31585e+000,  Lz   = 1.31585e+000,  Lb   = 1.31585e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1700.66             818.05              67.92 

           ---------------------------------------------------------------- 

            TOTAL            1700.66             818.05              67.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      818.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       67.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1700.66 

           -. -------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                818.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 67.92 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.069  +  0.011 ] 

                      =  0.108  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         24.00 kN. 

                 Vuy                24.00 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        239.47 kN. 

                 Vuz               239.47 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31529e+000,  Lz   = 1.31529e+000,  Lb   = 1.31529e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1690.51      -398.10      -566.00      -148.62      -132.81 

           ------------------------------------------------------------------------------- 

            TOTAL           -1690.51      -398.10      -566.00      -148.62      -132.81 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1690.51 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0315 

              Pey    =  (Area*Fy)/Lambda^2       = 31649731.32 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0791 

              Pez    =  (Area*Fy)/Lambda^2       =  5027466.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1690.51            -566.00            -132.81 

           ---------------------------------------------------------------- 

            TOTAL           -1690.51            -566.00            -132.81 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -566.00 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -132.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5027466.6655 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.315 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2380e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5027466.6655 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.88 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.64 kN. 

           -. phiPn =  phi*Pn  =      19148.08 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1690.51 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19148.08 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.01 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                566.00 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiMny            11940.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.80 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                132.81 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6075.80 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.047  +  0.022 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        108.04 kN. 

                 Vuy               108.04 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        296.13 kN. 

                 Vuz               296.13 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43630e+000,  Lz   = 1.43630e+000,  Lb   = 1.43630e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1691.88      -565.40      -971.70      -133.58      -112.50 

           ------------------------------------------------------------------------------- 

            TOTAL           -1691.88      -565.40      -971.70      -133.58      -112.50 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1691.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26541375.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.54 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0864 

              Pez    =  (Area*Fy)/Lambda^2       =  4216019.32 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1691.88            -971.70            -112.50 

           ---------------------------------------------------------------- 

            TOTAL           -1691.88            -971.70            -112.50 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -971.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -112.50 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4216019.3173 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.436 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7154e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4216019.3173 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         197.81 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.38 kN. 

           -. phiPn =  phi*Pn  =      19141.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1691.88 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                971.70 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                112.50 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.081  +  0.019 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        193.44 kN. 

                 Vuy               193.44 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        355.26 kN. 

                 Vuz               355.26 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.01954e+000,  Lz   = 3.01954e+000,  Lb   = 3.01954e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1095.61      -980.12      -725.86      -276.20      -210.71 

           ------------------------------------------------------------------------------- 

            TOTAL           -1095.61      -980.12      -725.86      -276.20      -210.71 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1095.61 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0724 

              Pey    =  (Area*Fy)/Lambda^2       =  6005224.89 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1816 

              Pez    =  (Area*Fy)/Lambda^2       =   953912.30 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1095.61            -980.12            -276.20 

           ---------------------------------------------------------------- 

            TOTAL           -1095.61            -980.12            -276.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -980.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -276.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  953912.2980 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.020 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1438e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6236 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  953912.2980 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          44.76 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21115.04 kN. 

           -. phiPn =  phi*Pn  =      19003.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1095.61 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            19003.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11919.04 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11919.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                980.12 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMny            11919.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                276.20 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz             6073.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.082  +  0.045 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        212.14 kN. 

                 Vuy               212.14 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        352.75 kN. 

                 Vuz               352.75 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59140e+000,  Lz   = 1.59140e+000,  Lb   = 1.59140e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -824.84      -762.38      -733.94      -210.86       -78.92 

           ------------------------------------------------------------------------------- 

            TOTAL            -824.84      -762.38      -733.94      -210.86       -78.92 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      824.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0381 

              Pey    =  (Area*Fy)/Lambda^2       = 21619891.81 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.24 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0957 

              Pez    =  (Area*Fy)/Lambda^2       =  3434256.18 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -824.84            -762.38            -210.86 

           ---------------------------------------------------------------- 

            TOTAL            -824.84            -762.38            -210.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -762.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -210.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3434256.1812 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.591 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2119e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3434256.1812 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         161.13 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.14 kN. 

           -. phiPn =  phi*Pn  =      19132.32 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                824.84 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19132.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.61 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                762.38 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiMny            11936.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                210.86 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.064  +  0.035 ] 

                      =  0.120  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        179.72 kN. 

                 Vuy               179.72 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        311.41 kN. 

                 Vuz               311.41 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6251 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43055e+000,  Lz   = 1.43055e+000,  Lb   = 1.43055e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -151.16      -955.16     -1309.13      -102.92       -91.53 

           ------------------------------------------------------------------------------- 

            TOTAL            -151.16      -955.16     -1309.13      -102.92       -91.53 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      151.16 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26754979.80 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0860 

              Pez    =  (Area*Fy)/Lambda^2       =  4249949.79 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -151.16           -1309.13             -91.53 

           ---------------------------------------------------------------- 

            TOTAL            -151.16           -1309.13             -91.53 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1309.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -91.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4249949.7939 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.431 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7372e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4249949.7939 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         199.40 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.74 kN. 

           -. phiPn =  phi*Pn  =      19141.86 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                151.16 

           -. -------  =  ---------------  =     7.90e-003  <  1.000  --->  O.K. 

               phiPn            19141.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.59 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.59 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1309.13 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny            11938.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 91.53 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.110  +  0.015 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         39.88 kN. 

                 Vuy                39.88 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        295.26 kN. 

                 Vuz               295.26 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1025,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34620e+000,  Lz   = 1.34620e+000,  Lb   = 1.34620e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1857.66     -1870.52     -1252.19      -148.97       -77.50 

           ------------------------------------------------------------------------------- 

            TOTAL           -1857.66     -1870.52     -1252.19      -148.97       -77.50 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1857.66 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 30212640.04 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0810 

              Pez    =  (Area*Fy)/Lambda^2       =  4799188.95 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1857.66           -1870.52            -148.97 

           ---------------------------------------------------------------- 

            TOTAL           -1857.66           -1870.52            -148.97 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1870.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -148.97 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4799188.9465 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0910e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4799188.9465 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.85 kN. 

           -. phiPn =  phi*Pn  =      19146.46 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1857.66 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            19146.46 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.63 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6270 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1870.52 

           -. --------  =  ---------------  =  0.157  <  1.000  --->  O.K. 

               phiMny            11939.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                148.97 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.157  +  0.025 ] 

                      =  0.230  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        141.23 kN. 

                 Vuy               141.23 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        589.82 kN. 

                 Vuz               589.82 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1026,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34594e+000,  Lz   = 1.34594e+000,  Lb   = 1.34594e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1602.67            1600.53              74.63 

           ---------------------------------------------------------------- 

            TOTAL            1602.67            1600.53              74.63 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1600.53 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       74.63 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1602.67 

           -. -------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.64 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1600.53 

           -. --------  =  ---------------  =  0.134  <  1.000  --->  O.K. 

               phiMny            11939.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 74.63 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.134  +  0.012 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        123.60 kN. 

                 Vuy               123.60 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        541.29 kN. 

                 Vuz               541.29 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1027,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46772e+000,  Lz   = 1.46772e+000,  Lb   = 1.46772e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1958.98            1550.07             285.78 

           ---------------------------------------------------------------- 

            TOTAL            1958.98            1550.07             285.78 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1550.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      285.78 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1958.98 

           -. -------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1550.07 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny            11938.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                285.78 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.130  +  0.047 ] 

                      =  0.210  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        259.57 kN. 

                 Vuy               259.57 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        490.31 kN. 

                 Vuz               490.31 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6287 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1028,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46861e+000,  Lz   = 1.46861e+000,  Lb   = 1.46861e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2028.93            1556.01             288.46 

           ---------------------------------------------------------------- 

            TOTAL            2028.93            1556.01             288.46 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1556.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      288.46 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2028.93 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.13 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1556.01 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny            11938.13 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                288.46 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.130  +  0.047 ] 

                      =  0.212  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        259.93 kN. 

                 Vuy               259.93 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6293 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        460.37 kN. 

                 Vuz               460.37 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6294 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1029,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34582e+000,  Lz   = 1.34582e+000,  Lb   = 1.34582e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2027.65            1392.27              59.51 

           ---------------------------------------------------------------- 

            TOTAL            2027.65            1392.27              59.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1392.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       59.51 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2027.65 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.64 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1392.27 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny            11939.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 59.51 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.117  +  0.010 ] 

                      =  0.160  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        130.44 kN. 

                 Vuy               130.44 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        508.47 kN. 

                 Vuz               508.47 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34611e+000,  Lz   = 1.34611e+000,  Lb   = 1.34611e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1398.32      -708.49     -1257.62       -71.34      -219.12 

           ------------------------------------------------------------------------------- 

            TOTAL           -1398.32      -708.49     -1257.62       -71.34      -219.12 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1398.32 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 30216675.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0810 

              Pez    =  (Area*Fy)/Lambda^2       =  4799829.89 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1398.32           -1257.62            -219.12 

           ---------------------------------------------------------------- 

            TOTAL           -1398.32           -1257.62            -219.12 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1257.62 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -219.12 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4799829.8890 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0914e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4799829.8890 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.85 kN. 

           -. phiPn =  phi*Pn  =      19146.47 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1398.32 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            19146.47 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1257.62 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny            11939.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                219.12 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.105  +  0.036 ] 

                      =  0.178  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        157.19 kN. 

                 Vuy               157.19 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        556.54 kN. 

                 Vuz               556.54 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.42994e+000,  Lz   = 1.42994e+000,  Lb   = 1.42994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -575.36     -1409.77     -1002.11      -167.14      -228.65 

           ------------------------------------------------------------------------------- 

            TOTAL            -575.36     -1409.77     -1002.11      -167.14      -228.65 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      575.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26777708.10 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0860 

              Pez    =  (Area*Fy)/Lambda^2       =  4253560.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -575.36           -1409.77            -167.14 

           ---------------------------------------------------------------- 

            TOTAL            -575.36           -1409.77            -167.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1409.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -167.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4253560.1178 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.430 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7396e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6319 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4253560.1178 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         199.57 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.78 kN. 

           -. phiPn =  phi*Pn  =      19141.90 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                575.36 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19141.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.60 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1409.77 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny            11938.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                167.14 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.118  +  0.028 ] 

                      =  0.161  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         72.43 kN. 

                 Vuy                72.43 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        327.27 kN. 

                 Vuz               327.27 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59223e+000,  Lz   = 1.59223e+000,  Lb   = 1.59223e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -634.68      -953.36      -533.77      -221.73      -248.82 

           ------------------------------------------------------------------------------- 

            TOTAL            -634.68      -953.36      -533.77      -221.73      -248.82 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      634.68 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0382 

              Pey    =  (Area*Fy)/Lambda^2       = 21597361.04 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.25 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0958 

              Pez    =  (Area*Fy)/Lambda^2       =  3430677.23 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -634.68            -953.36            -221.73 

           ---------------------------------------------------------------- 

            TOTAL            -634.68            -953.36            -221.73 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6326 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -953.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -221.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3430677.2336 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.592 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2096e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6330 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3430677.2336 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         160.96 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.08 kN. 

           -. phiPn =  phi*Pn  =      19132.27 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                634.68 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19132.27 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.60 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                953.36 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiMny            11936.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                221.73 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.080  +  0.036 ] 

                      =  0.133  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        191.28 kN. 

                 Vuy               191.28 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        346.38 kN. 

                 Vuz               346.38 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.01991e+000,  Lz   = 3.01991e+000,  Lb   = 3.01991e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -638.54      -375.06     -1407.80      -251.82      -485.72 

           ------------------------------------------------------------------------------- 

            TOTAL            -638.54      -375.06     -1407.80      -251.82      -485.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      638.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0724 

              Pey    =  (Area*Fy)/Lambda^2       =  6003739.36 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1816 

              Pez    =  (Area*Fy)/Lambda^2       =   953676.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -638.54           -1407.80            -485.72 

           ---------------------------------------------------------------- 

            TOTAL            -638.54           -1407.80            -485.72 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1407.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -485.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  953676.3271 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.020 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1423e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  953676.3271 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          44.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21114.99 kN. 

           -. phiPn =  phi*Pn  =      19003.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                638.54 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19003.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11919.03 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11919.03 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1407.80 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny            11919.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                485.72 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiMnz             6073.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.118  +  0.080 ] 

                      =  0.215  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        268.94 kN. 

                 Vuy               268.94 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        395.83 kN. 

                 Vuz               395.83 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.36465e+000,  Lz   = 1.36465e+000,  Lb   = 1.36465e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1662.98      -939.57      -565.39      -109.03      -127.94 

           ------------------------------------------------------------------------------- 

            TOTAL           -1662.98      -939.57      -565.39      -109.03      -127.94 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1662.98 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0327 

              Pey    =  (Area*Fy)/Lambda^2       = 29401476.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.21 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0821 

              Pez    =  (Area*Fy)/Lambda^2       =  4670338.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1662.98            -939.57            -109.03 

           ---------------------------------------------------------------- 

            TOTAL           -1662.98            -939.57            -109.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -939.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -109.03 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4670338.0476 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.365 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0080e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4670338.0476 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         219.13 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21272.76 kN. 

           -. phiPn =  phi*Pn  =      19145.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1662.98 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19145.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.41 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.41 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                939.57 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiMny            11939.41 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.73 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.73 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                109.03 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.73 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.079  +  0.018 ] 

                      =  0.140  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        181.21 kN. 

                 Vuy               181.21 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        340.66 kN. 

                 Vuz               340.66 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31699e+000,  Lz   = 1.31699e+000,  Lb   = 1.31699e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1665.70      -566.43      -421.03      -129.61      -141.12 

           ------------------------------------------------------------------------------- 

            TOTAL           -1665.70      -566.43      -421.03      -129.61      -141.12 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1665.70 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0316 

              Pey    =  (Area*Fy)/Lambda^2       = 31567800.02 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0792 

              Pez    =  (Area*Fy)/Lambda^2       =  5014452.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1665.70            -566.43            -129.61 

           ---------------------------------------------------------------- 

            TOTAL           -1665.70            -566.43            -129.61 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -566.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -129.61 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5014452.1203 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.317 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2296e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5014452.1203 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.27 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.55 kN. 

           -. phiPn =  phi*Pn  =      19147.99 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1665.70 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19147.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                566.43 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                129.61 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.047  +  0.021 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         78.80 kN. 

                 Vuy                78.80 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        285.41 kN. 

                 Vuz               285.41 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31768e+000,  Lz   = 1.31768e+000,  Lb   = 1.31768e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1729.05             789.83              73.27 

           ---------------------------------------------------------------- 

            TOTAL            1729.05             789.83              73.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      789.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       73.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1729.05 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                789.83 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMny            11939.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 73.27 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.066  +  0.012 ] 

                      =  0.107  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         23.16 kN. 

                 Vuy                23.16 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        228.80 kN. 

                 Vuz               228.80 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6374 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31633e+000,  Lz   = 1.31633e+000,  Lb   = 1.31633e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6375 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1727.29             914.75              61.02 

           ---------------------------------------------------------------- 

            TOTAL            1727.29             914.75              61.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      914.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       61.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1727.29 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.00 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                914.75 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiMny            11940.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 61.02 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.077  +  0.010 ] 

                      =  0.116  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         58.67 kN. 

                 Vuy                58.67 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        173.32 kN. 

                 Vuz               173.32 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31708e+000,  Lz   = 1.31708e+000,  Lb   = 1.31708e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1726.15             914.23              61.57 

           ---------------------------------------------------------------- 

            TOTAL            1726.15             914.23              61.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      914.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       61.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1726.15 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                914.23 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 61.57 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.077  +  0.010 ] 

                      =  0.116  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         65.38 kN. 

                 Vuy                65.38 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        119.25 kN. 

                 Vuz               119.25 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.36503e+000,  Lz   = 1.36503e+000,  Lb   = 1.36503e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1724.79             980.78             393.76 

           ---------------------------------------------------------------- 

            TOTAL            1724.79             980.78             393.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      980.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      393.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1724.79 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                980.78 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMny            11939.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.73 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.73 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                393.76 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMnz             6075.73 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.082  +  0.065 ] 

                      =  0.176  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        296.54 kN. 

                 Vuy               296.54 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         86.20 kN. 

                 Vuz                86.20 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.36488e+000,  Lz   = 1.36488e+000,  Lb   = 1.36488e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1769.48             993.68             392.86 

           ---------------------------------------------------------------- 

            TOTAL            1769.48             993.68             392.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      993.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      392.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1769.48 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                993.68 

           -. --------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiMny            11939.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.73 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.73 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                392.86 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMnz             6075.73 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.083  +  0.065 ] 

                      =  0.177  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        295.22 kN. 

                 Vuy               295.22 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         80.97 kN. 

                 Vuz                80.97 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31681e+000,  Lz   = 1.31681e+000,  Lb   = 1.31681e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1766.51             962.59              42.01 

           ---------------------------------------------------------------- 

            TOTAL            1766.51             962.59              42.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      962.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       42.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1766.51 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                962.59 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 42.01 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.081  +  0.007 ] 

                      =  0.117  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         88.08 kN. 

                 Vuy                88.08 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        134.04 kN. 

                 Vuz               134.04 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31780e+000,  Lz   = 1.31780e+000,  Lb   = 1.31780e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1764.68             876.40              54.64 

           ---------------------------------------------------------------- 

            TOTAL            1764.68             876.40              54.64 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      876.40 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       54.64 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1764.68 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                876.40 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMny            11939.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 54.64 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.073  +  0.009 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         44.97 kN. 

                 Vuy                44.97 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        188.08 kN. 

                 Vuz               188.08 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31696e+000,  Lz   = 1.31696e+000,  Lb   = 1.31696e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1715.51      -369.10      -471.11      -123.85      -148.61 

           ------------------------------------------------------------------------------- 

            TOTAL           -1715.51      -369.10      -471.11      -123.85      -148.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1715.51 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0316 

              Pey    =  (Area*Fy)/Lambda^2       = 31569310.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0792 

              Pez    =  (Area*Fy)/Lambda^2       =  5014692.09 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1715.51            -471.11            -148.61 

           ---------------------------------------------------------------- 

            TOTAL           -1715.51            -471.11            -148.61 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -471.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -148.61 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5014692.0896 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.317 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2298e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5014692.0896 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.28 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.55 kN. 

           -. phiPn =  phi*Pn  =      19147.99 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1715.51 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19147.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                471.11 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                148.61 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.039  +  0.024 ] 

                      =  0.109  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         28.62 kN. 

                 Vuy                28.62 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        244.77 kN. 

                 Vuz               244.77 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31713e+000,  Lz   = 1.31713e+000,  Lb   = 1.31713e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1717.62      -470.80      -657.41      -149.15      -136.24 

           ------------------------------------------------------------------------------- 

            TOTAL           -1717.62      -470.80      -657.41      -149.15      -136.24 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1717.62 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0316 

              Pey    =  (Area*Fy)/Lambda^2       = 31561285.67 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0792 

              Pez    =  (Area*Fy)/Lambda^2       =  5013417.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1717.62            -657.41            -136.24 

           ---------------------------------------------------------------- 

            TOTAL           -1717.62            -657.41            -136.24 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -657.41 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -136.24 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5013417.3347 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.317 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2290e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5013417.3347 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.54 kN. 

           -. phiPn =  phi*Pn  =      19147.98 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1717.62 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19147.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                657.41 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                136.24 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.055  +  0.022 ] 

                      =  0.122  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        128.47 kN. 

                 Vuy               128.47 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        300.15 kN. 

                 Vuz               300.15 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.36447e+000,  Lz   = 1.36447e+000,  Lb   = 1.36447e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1719.64      -656.80     -1052.02      -137.74      -116.05 

           ------------------------------------------------------------------------------- 

            TOTAL           -1719.64      -656.80     -1052.02      -137.74      -116.05 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1719.64 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.47 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0327 

              Pey    =  (Area*Fy)/Lambda^2       = 29409372.89 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.21 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0821 

              Pez    =  (Area*Fy)/Lambda^2       =  4671592.32 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1719.64           -1052.02            -116.05 

           ---------------------------------------------------------------- 

            TOTAL           -1719.64           -1052.02            -116.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1052.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -116.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4671592.3239 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.364 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0088e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4671592.3239 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         219.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21272.77 kN. 

           -. phiPn =  phi*Pn  =      19145.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1719.64 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19145.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.41 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.41 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1052.02 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMny            11939.41 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.73 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.73 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                116.05 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6075.73 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.088  +  0.019 ] 

                      =  0.152  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        222.58 kN. 

                 Vuy               222.58 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        356.77 kN. 

                 Vuz               356.77 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.01967e+000,  Lz   = 3.01967e+000,  Lb   = 3.01967e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -575.34      -846.84      -403.26      -486.69      -266.93 

           ------------------------------------------------------------------------------- 

            TOTAL            -575.34      -846.84      -403.26      -486.69      -266.93 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      575.34 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0724 

              Pey    =  (Area*Fy)/Lambda^2       =  6004714.48 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1816 

              Pez    =  (Area*Fy)/Lambda^2       =   953831.22 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -575.34            -846.84            -486.69 

           ---------------------------------------------------------------- 

            TOTAL            -575.34            -846.84            -486.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -846.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -486.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  953831.2222 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.020 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1433e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  953831.2222 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          44.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21115.02 kN. 

           -. phiPn =  phi*Pn  =      19003.52 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                575.34 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19003.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11919.04 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11919.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                846.84 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMny            11919.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                486.69 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiMnz             6073.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.071  +  0.080 ] 

                      =  0.166  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        280.85 kN. 

                 Vuy               280.85 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        311.15 kN. 

                 Vuz               311.15 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59174e+000,  Lz   = 1.59174e+000,  Lb   = 1.59174e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -528.58      -548.96      -652.85      -269.37      -337.59 

           ------------------------------------------------------------------------------- 

            TOTAL            -528.58      -548.96      -652.85      -269.37      -337.59 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      528.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0382 

              Pey    =  (Area*Fy)/Lambda^2       = 21610471.27 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.24 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0957 

              Pez    =  (Area*Fy)/Lambda^2       =  3432759.76 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -528.58            -652.85            -337.59 

           ---------------------------------------------------------------- 

            TOTAL            -528.58            -652.85            -337.59 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -652.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -337.59 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6466 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3432759.7555 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.592 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2109e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3432759.7555 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         161.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.11 kN. 

           -. phiPn =  phi*Pn  =      19132.30 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                528.58 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19132.30 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.61 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6468 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                652.85 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMny            11936.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                337.59 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.055  +  0.056 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        194.94 kN. 

                 Vuy               194.94 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        270.05 kN. 

                 Vuz               270.05 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43048e+000,  Lz   = 1.43048e+000,  Lb   = 1.43048e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -495.15      -677.61      -812.55      -335.75      -316.96 

           ------------------------------------------------------------------------------- 

            TOTAL            -495.15      -677.61      -812.55      -335.75      -316.96 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      495.15 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26757542.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0860 

              Pez    =  (Area*Fy)/Lambda^2       =  4250356.87 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -495.15            -812.55            -316.96 

           ---------------------------------------------------------------- 

            TOTAL            -495.15            -812.55            -316.96 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -812.55 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -316.96 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4250356.8697 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.430 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7375e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4250356.8697 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         199.42 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.74 kN. 

           -. phiPn =  phi*Pn  =      19141.87 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                495.15 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19141.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.59 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.59 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                812.55 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMny            11938.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                316.96 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.068  +  0.052 ] 

                      =  0.133  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         35.97 kN. 

                 Vuy                35.97 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        254.43 kN. 

                 Vuz               254.43 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34615e+000,  Lz   = 1.34615e+000,  Lb   = 1.34615e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2549.54     -1253.20      -990.29      -449.01      -234.81 

           ------------------------------------------------------------------------------- 

            TOTAL           -2549.54     -1253.20      -990.29      -449.01      -234.81 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2549.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0324 

              Pey    =  (Area*Fy)/Lambda^2       = 34287602.64 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0815 

              Pez    =  (Area*Fy)/Lambda^2       =  5406960.99 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2549.54           -1253.20            -449.01 

           ---------------------------------------------------------------- 

            TOTAL           -2549.54           -1253.20            -449.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1253.20 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -449.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5406960.9861 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1101e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5406960.9861 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.07 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26185.35 kN. 

           -. phiPn =  phi*Pn  =      23566.82 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2549.54 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            23566.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1253.20 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMny            13548.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                449.01 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.092  +  0.066 ] 

                      =  0.212  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        195.62 kN. 

                 Vuy               195.62 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        526.53 kN. 

                 Vuz               526.53 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34579e+000,  Lz   = 1.34579e+000,  Lb   = 1.34579e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2288.23            1358.91             215.44 

           ---------------------------------------------------------------- 

            TOTAL            2288.23            1358.91             215.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1358.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      215.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2288.23 

           -. -------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1358.91 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiMny            13548.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                215.44 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.100  +  0.031 ] 

                      =  0.165  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        202.13 kN. 

                 Vuy               202.13 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        475.10 kN. 

                 Vuz               475.10 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46797e+000,  Lz   = 1.46797e+000,  Lb   = 1.46797e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2272.18            1892.71             414.53 

           ---------------------------------------------------------------- 

            TOTAL            2272.18            1892.71             414.53 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1892.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      414.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2272.18 

           -. -------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1892.71 

           -. --------  =  ---------------  =  0.140  <  1.000  --->  O.K. 

               phiMny            13547.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.50 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                414.53 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMnz             6844.50 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.140  +  0.061 ] 

                      =  0.234  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        361.25 kN. 

                 Vuy               361.25 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        420.20 kN. 

                 Vuz               420.20 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46886e+000,  Lz   = 1.46886e+000,  Lb   = 1.46886e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2300.95            1758.35             320.13 

           ---------------------------------------------------------------- 

            TOTAL            2300.95            1758.35             320.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1758.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      320.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2300.95 

           -. -------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.12 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1758.35 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny            13547.12 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.49 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.49 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.49 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                320.13 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiMnz             6844.49 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.130  +  0.047 ] 

                      =  0.210  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    I ) 

           -. Applied shear force : Vuy =        260.50 kN. 

                 Vuy               260.50 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        144.00 kN. 

                 Vuz               144.00 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34623e+000,  Lz   = 1.34623e+000,  Lb   = 1.34623e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6515 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2773.14            1994.77             104.74 

           ---------------------------------------------------------------- 

            TOTAL            2773.14            1994.77             104.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1994.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      104.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2773.14 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1994.77 

           -. --------  =  ---------------  =  0.147  <  1.000  --->  O.K. 

               phiMny            13548.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                104.74 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.147  +  0.015 ] 

                      =  0.203  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         56.89 kN. 

                 Vuy                56.89 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        189.00 kN. 

                 Vuz               189.00 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34508e+000,  Lz   = 1.34508e+000,  Lb   = 1.34508e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2764.44            1956.62             128.50 

           ---------------------------------------------------------------- 

            TOTAL            2764.44            1956.62             128.50 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1956.62 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      128.50 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2764.44 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1956.62 

           -. --------  =  ---------------  =  0.144  <  1.000  --->  O.K. 

               phiMny            13548.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                128.50 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.144  +  0.019 ] 

                      =  0.204  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         22.47 kN. 

                 Vuy                22.47 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        249.10 kN. 

                 Vuz               249.10 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34608e+000,  Lz   = 1.34608e+000,  Lb   = 1.34608e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2755.88            1953.65             128.68 

           ---------------------------------------------------------------- 

            TOTAL            2755.88            1953.65             128.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1953.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      128.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2755.88 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1953.65 

           -. --------  =  ---------------  =  0.144  <  1.000  --->  O.K. 

               phiMny            13548.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                128.68 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.144  +  0.019 ] 

                      =  0.203  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         13.75 kN. 

                 Vuy                13.75 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        309.03 kN. 

                 Vuz               309.03 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34611e+000,  Lz   = 1.34611e+000,  Lb   = 1.34611e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6536 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3068.79     -1469.08     -1738.97      -136.96       -30.00 

           ------------------------------------------------------------------------------- 

            TOTAL           -3068.79     -1469.08     -1738.97      -136.96       -30.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3068.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0324 

              Pey    =  (Area*Fy)/Lambda^2       = 34289589.48 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0815 

              Pez    =  (Area*Fy)/Lambda^2       =  5407274.30 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3068.79           -1738.97             -30.00 

           ---------------------------------------------------------------- 

            TOTAL           -3068.79           -1738.97             -30.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1738.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -30.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6541 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5407274.2999 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1103e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6542 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 5407274.2999 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26185.36 kN. 

           -. phiPn =  phi*Pn  =      23566.82 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3068.79 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            23566.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1738.97 

           -. --------  =  ---------------  =  0.128  <  1.000  --->  O.K. 

               phiMny            13548.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 30.00 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.128  +  0.004 ] 

                      =  0.198  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        101.19 kN. 

                 Vuy               101.19 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        367.58 kN. 

                 Vuz               367.58 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46840e+000,  Lz   = 1.46840e+000,  Lb   = 1.46840e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3061.84     -1739.13     -2160.25       -30.99      -132.49 

           ------------------------------------------------------------------------------- 

            TOTAL           -3061.84     -1739.13     -2160.25       -30.99      -132.49 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3061.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.67 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0353 

              Pey    =  (Area*Fy)/Lambda^2       = 28816355.33 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0889 

              Pez    =  (Area*Fy)/Lambda^2       =  4544176.23 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3061.84           -2160.25            -132.49 

           ---------------------------------------------------------------- 

            TOTAL           -3061.84           -2160.25            -132.49 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2160.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -132.49 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4544176.2338 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.468 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6138e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4544176.2338 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         173.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26175.26 kN. 

           -. phiPn =  phi*Pn  =      23557.73 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3061.84 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            23557.73 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.13 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2160.25 

           -. --------  =  ---------------  =  0.159  <  1.000  --->  O.K. 

               phiMny            13547.13 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.50 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                132.49 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6844.50 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.159  +  0.019 ] 

                      =  0.244  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        448.63 kN. 

                 Vuy               448.63 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        432.02 kN. 

                 Vuz               432.02 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46876e+000,  Lz   = 1.46876e+000,  Lb   = 1.46876e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2794.56     -2173.68     -1715.12      -100.81       -48.61 

           ------------------------------------------------------------------------------- 

            TOTAL           -2794.56     -2173.68     -1715.12      -100.81       -48.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2794.56 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.67 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0353 

              Pey    =  (Area*Fy)/Lambda^2       = 28802195.91 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0889 

              Pez    =  (Area*Fy)/Lambda^2       =  4541943.37 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2794.56           -2173.68            -100.81 

           ---------------------------------------------------------------- 

            TOTAL           -2794.56           -2173.68            -100.81 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2173.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -100.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6561 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4541943.3745 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.469 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6125e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4541943.3745 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         173.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26175.23 kN. 

           -. phiPn =  phi*Pn  =      23557.70 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2794.56 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            23557.70 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.12 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2173.68 

           -. --------  =  ---------------  =  0.160  <  1.000  --->  O.K. 

               phiMny            13547.12 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.49 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.49 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.49 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                100.81 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6844.49 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.059 + [  0.160  +  0.015 ] 

                      =  0.234  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        424.40 kN. 

                 Vuy               424.40 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        432.30 kN. 

                 Vuz               432.30 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34588e+000,  Lz   = 1.34588e+000,  Lb   = 1.34588e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2789.29     -1713.75     -1406.08       -49.64      -140.84 

           ------------------------------------------------------------------------------- 

            TOTAL           -2789.29     -1713.75     -1406.08       -49.64      -140.84 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2789.29 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 34301610.05 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0815 

              Pez    =  (Area*Fy)/Lambda^2       =  5409169.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2789.29           -1713.75             -49.64 

           ---------------------------------------------------------------- 

            TOTAL           -2789.29           -1713.75             -49.64 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1713.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -49.64 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6574 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5409169.8766 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1114e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5409169.8766 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.15 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26185.38 kN. 

           -. phiPn =  phi*Pn  =      23566.84 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2789.29 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            23566.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.85 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6576 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1713.75 

           -. --------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiMny            13548.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 49.64 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.059 + [  0.126  +  0.007 ] 

                      =  0.193  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         89.66 kN. 

                 Vuy                89.66 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        368.77 kN. 

                 Vuz               368.77 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34527e+000,  Lz   = 1.34527e+000,  Lb   = 1.34527e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2474.80            1803.02             124.83 

           ---------------------------------------------------------------- 

            TOTAL            2474.80            1803.02             124.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1803.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      124.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2474.80 

           -. -------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1803.02 

           -. --------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiMny            13548.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                124.83 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.133  +  0.018 ] 

                      =  0.188  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    I ) 

           -. Applied shear force : Vuy =         10.04 kN. 

                 Vuy                10.04 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        308.73 kN. 

                 Vuz               308.73 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34667e+000,  Lz   = 1.34667e+000,  Lb   = 1.34667e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2464.99            1803.46             125.13 

           ---------------------------------------------------------------- 

            TOTAL            2464.99            1803.46             125.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1803.46 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      125.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2464.99 

           -. -------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1803.46 

           -. --------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiMny            13548.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                125.13 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.133  +  0.018 ] 

                      =  0.188  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         26.52 kN. 

                 Vuy                26.52 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        250.31 kN. 

                 Vuz               250.31 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34528e+000,  Lz   = 1.34528e+000,  Lb   = 1.34528e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2454.13            1786.10              93.29 

           ---------------------------------------------------------------- 

            TOTAL            2454.13            1786.10              93.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1786.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       93.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2454.13 

           -. -------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1786.10 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny            13548.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 93.29 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.132  +  0.014 ] 

                      =  0.181  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         69.14 kN. 

                 Vuy                69.14 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        202.98 kN. 

                 Vuz               202.98 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46852e+000,  Lz   = 1.46852e+000,  Lb   = 1.46852e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2254.19            1731.58             330.58 

           ---------------------------------------------------------------- 

            TOTAL            2254.19            1731.58             330.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1731.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      330.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2254.19 

           -. -------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.13 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1731.58 

           -. --------  =  ---------------  =  0.128  <  1.000  --->  O.K. 

               phiMny            13547.13 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.49 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.49 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.49 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                330.58 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             6844.49 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.128  +  0.048 ] 

                      =  0.209  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    J ) 

           -. Applied shear force : Vuy =        267.90 kN. 

                 Vuy               267.90 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        164.94 kN. 

                 Vuz               164.94 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46855e+000,  Lz   = 1.46855e+000,  Lb   = 1.46855e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1817.54            1587.61             430.22 

           ---------------------------------------------------------------- 

            TOTAL            1817.54            1587.61             430.22 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1587.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      430.22 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1817.54 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.13 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1587.61 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny            13547.13 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.49 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.49 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.49 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                430.22 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             6844.49 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.117  +  0.063 ] 

                      =  0.207  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    I ) 

           -. Applied shear force : Vuy =        354.59 kN. 

                 Vuy               354.59 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        456.02 kN. 

                 Vuz               456.02 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34538e+000,  Lz   = 1.34538e+000,  Lb   = 1.34538e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2410.71      -583.26      -859.08      -116.72      -208.46 

           ------------------------------------------------------------------------------- 

            TOTAL           -2410.71      -583.26      -859.08      -116.72      -208.46 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6616 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2410.71 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 34327003.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0814 

              Pez    =  (Area*Fy)/Lambda^2       =  5413174.36 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2410.71            -859.08            -208.46 

           ---------------------------------------------------------------- 

            TOTAL           -2410.71            -859.08            -208.46 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -859.08 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -208.46 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6619 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5413174.3558 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1137e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5413174.3558 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.31 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26185.42 kN. 

           -. phiPn =  phi*Pn  =      23566.87 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2410.71 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            23566.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.86 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                859.08 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMny            13548.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                208.46 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.063  +  0.030 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        205.95 kN. 

                 Vuy               205.95 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        509.34 kN. 

                 Vuz               509.34 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34617e+000,  Lz   = 1.34617e+000,  Lb   = 1.34617e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1358.28      -666.55     -1193.74      -211.34      -435.18 

           ------------------------------------------------------------------------------- 

            TOTAL           -1358.28      -666.55     -1193.74      -211.34      -435.18 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1358.28 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.45 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0324 

              Pey    =  (Area*Fy)/Lambda^2       = 34286845.80 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0815 

              Pez    =  (Area*Fy)/Lambda^2       =  5406841.64 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1358.28           -1193.74            -435.18 

           ---------------------------------------------------------------- 

            TOTAL           -1358.28           -1193.74            -435.18 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1193.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -435.18 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5406841.6380 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1100e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5406841.6380 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26185.35 kN. 

           -. phiPn =  phi*Pn  =      23566.82 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1358.28 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            23566.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13548.85 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6633 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13548.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1193.74 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMny            13548.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                435.18 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiMnz             6844.67 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.088  +  0.064 ] 

                      =  0.181  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        209.97 kN. 

                 Vuy               209.97 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        559.73 kN. 

                 Vuz               559.73 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   1067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43060e+000,  Lz   = 1.43060e+000,  Lb   = 1.43060e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -540.24     -1443.93     -1020.94      -300.02      -344.16 

           ------------------------------------------------------------------------------- 

            TOTAL            -540.24     -1443.93     -1020.94      -300.02      -344.16 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      540.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.59 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26753188.83 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0860 

              Pez    =  (Area*Fy)/Lambda^2       =  4249665.30 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -540.24           -1443.93            -300.02 

           ---------------------------------------------------------------- 

            TOTAL            -540.24           -1443.93            -300.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1443.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -300.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6641 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4249665.3026 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.431 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7371e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4249665.3026 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         199.39 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.74 kN. 

           -. phiPn =  phi*Pn  =      19141.86 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                540.24 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19141.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.59 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.59 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1443.93 

           -. --------  =  ---------------  =  0.121  <  1.000  --->  O.K. 

               phiMny            11938.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                300.02 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6645 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.121  +  0.049 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         57.80 kN. 

                 Vuy                57.80 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        330.22 kN. 

                 Vuz               330.22 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59191e+000,  Lz   = 1.59191e+000,  Lb   = 1.59191e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6648 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -555.69      -980.40      -540.98      -339.46      -263.49 

           ------------------------------------------------------------------------------- 

            TOTAL            -555.69      -980.40      -540.98      -339.46      -263.49 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      555.69 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0382 

              Pey    =  (Area*Fy)/Lambda^2       = 21605934.59 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.24 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0957 

              Pez    =  (Area*Fy)/Lambda^2       =  3432039.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -555.69            -980.40            -339.46 

           ---------------------------------------------------------------- 

            TOTAL            -555.69            -980.40            -339.46 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -980.40 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -339.46 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3432039.1174 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.592 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2104e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6654 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3432039.1174 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         161.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.10 kN. 

           -. phiPn =  phi*Pn  =      19132.29 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                555.69 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19132.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.61 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                980.40 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMny            11936.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                339.46 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.082  +  0.056 ] 

                      =  0.153  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        196.54 kN. 

                 Vuy               196.54 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        342.70 kN. 

                 Vuz               342.70 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.01924e+000,  Lz   = 3.01924e+000,  Lb   = 3.01924e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -595.22      -367.97     -1364.80      -266.10      -503.58 

           ------------------------------------------------------------------------------- 

            TOTAL            -595.22      -367.97     -1364.80      -266.10      -503.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      595.22 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0724 

              Pey    =  (Area*Fy)/Lambda^2       =  6006435.05 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1816 

              Pez    =  (Area*Fy)/Lambda^2       =   954104.53 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -595.22           -1364.80            -503.58 

           ---------------------------------------------------------------- 

            TOTAL            -595.22           -1364.80            -503.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1364.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -503.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  954104.5291 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.019 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1450e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  954104.5291 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          44.77 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21115.08 kN. 

           -. phiPn =  phi*Pn  =      19003.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                595.22 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19003.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11919.04 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11919.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1364.80 

           -. --------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiMny            11919.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                503.58 

           -. --------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiMnz             6073.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.115  +  0.083 ] 

                      =  0.213  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        285.39 kN. 

                 Vuy               285.39 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        385.84 kN. 

                 Vuz               385.84 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43663e+000,  Lz   = 1.43663e+000,  Lb   = 1.43663e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1701.02      -990.05      -493.54       -88.00      -114.58 

           ------------------------------------------------------------------------------- 

            TOTAL           -1701.02      -990.05      -493.54       -88.00      -114.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1701.02 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.61 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26528991.15 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.54 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0864 

              Pez    =  (Area*Fy)/Lambda^2       =  4214052.16 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1701.02            -990.05             -88.00 

           ---------------------------------------------------------------- 

            TOTAL           -1701.02            -990.05             -88.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -990.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -88.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4214052.1615 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.437 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7141e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4214052.1615 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         197.72 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.36 kN. 

           -. phiPn =  phi*Pn  =      19141.52 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1701.02 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                990.05 

           -. --------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 88.00 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.083  +  0.014 ] 

                      =  0.142  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        271.92 kN. 

                 Vuy               271.92 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        387.69 kN. 

                 Vuz               387.69 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31681e+000,  Lz   = 1.31681e+000,  Lb   = 1.31681e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1704.99      -495.25      -297.83      -116.00      -128.33 

           ------------------------------------------------------------------------------- 

            TOTAL           -1704.99      -495.25      -297.83      -116.00      -128.33 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1704.99 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0316 

              Pey    =  (Area*Fy)/Lambda^2       = 31576392.89 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0792 

              Pez    =  (Area*Fy)/Lambda^2       =  5015817.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1704.99            -495.25            -116.00 

           ---------------------------------------------------------------- 

            TOTAL           -1704.99            -495.25            -116.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -495.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -116.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 5015817.0715 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.317 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2305e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 5015817.0715 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         235.34 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21275.56 kN. 

           -. phiPn =  phi*Pn  =      19148.00 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1704.99 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19148.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                495.25 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                116.00 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.041  +  0.019 ] 

                      =  0.105  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        170.10 kN. 

                 Vuy               170.10 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        328.98 kN. 

                 Vuz               328.98 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31770e+000,  Lz   = 1.31770e+000,  Lb   = 1.31770e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       281.16             956.18             178.51 

           ---------------------------------------------------------------- 

            TOTAL             281.16             956.18             178.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      956.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      178.51 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                281.16 

           -. -------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                956.18 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiMny            11939.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                178.51 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.080  +  0.029 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         28.74 kN. 

                 Vuy                28.74 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        272.59 kN. 

                 Vuz               272.59 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31637e+000,  Lz   = 1.31637e+000,  Lb   = 1.31637e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1582.66            1148.53              49.17 

           ---------------------------------------------------------------- 

            TOTAL            1582.66            1148.53              49.17 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6700 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1148.53 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       49.17 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1582.66 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11940.00 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11940.00 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1148.53 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny            11940.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 49.17 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.096  +  0.008 ] 

                      =  0.131  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         61.23 kN. 

                 Vuy                61.23 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        217.13 kN. 

                 Vuz               217.13 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31727e+000,  Lz   = 1.31727e+000,  Lb   = 1.31727e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1581.41            1299.05              49.07 

           ---------------------------------------------------------------- 

            TOTAL            1581.41            1299.05              49.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1299.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       49.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1581.41 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1299.05 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 49.07 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.109  +  0.008 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        116.16 kN. 

                 Vuy               116.16 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        162.85 kN. 

                 Vuz               162.85 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43685e+000,  Lz   = 1.43685e+000,  Lb   = 1.43685e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1580.31            1379.16             356.56 

           ---------------------------------------------------------------- 

            TOTAL            1580.31            1379.16             356.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1379.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      356.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1580.31 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1379.16 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                356.56 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.116  +  0.059 ] 

                      =  0.201  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        277.18 kN. 

                 Vuy               277.18 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6718 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        106.79 kN. 

                 Vuz               106.79 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43675e+000,  Lz   = 1.43675e+000,  Lb   = 1.43675e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1516.82            1436.79             358.35 

           ---------------------------------------------------------------- 

            TOTAL            1516.82            1436.79             358.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1436.79 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      358.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1516.82 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1436.79 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                358.35 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.120  +  0.059 ] 

                      =  0.205  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        274.60 kN. 

                 Vuy               274.60 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        102.06 kN. 

                 Vuz               102.06 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31723e+000,  Lz   = 1.31723e+000,  Lb   = 1.31723e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1515.12            1334.67              91.06 

           ---------------------------------------------------------------- 

            TOTAL            1515.12            1334.67              91.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1334.67 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       91.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1515.12 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1334.67 

           -. --------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 91.06 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.112  +  0.015 ] 

                      =  0.152  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         86.11 kN. 

                 Vuy                86.11 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        138.76 kN. 

                 Vuz               138.76 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31676e+000,  Lz   = 1.31676e+000,  Lb   = 1.31676e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1514.47            1334.84              91.87 

           ---------------------------------------------------------------- 

            TOTAL            1514.47            1334.84              91.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1334.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       91.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1514.47 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1334.84 

           -. --------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 91.87 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.112  +  0.015 ] 

                      =  0.152  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         79.20 kN. 

                 Vuy                79.20 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        184.55 kN. 

                 Vuz               184.55 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31728e+000,  Lz   = 1.31728e+000,  Lb   = 1.31728e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1513.33            1175.48             111.10 

           ---------------------------------------------------------------- 

            TOTAL            1513.33            1175.48             111.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1175.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      111.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1513.33 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1175.48 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                111.10 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.098  +  0.018 ] 

                      =  0.142  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         16.02 kN. 

                 Vuy                16.02 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        230.32 kN. 

                 Vuz               230.32 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   1080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.31700e+000,  Lz   = 1.31700e+000,  Lb   = 1.31700e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1512.06             948.01             107.56 

           ---------------------------------------------------------------- 

            TOTAL            1512.06             948.01             107.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      948.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      107.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1512.06 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                948.01 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiMny            11939.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.79 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.79 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.79 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                107.56 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.79 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.079  +  0.018 ] 

                      =  0.122  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        115.37 kN. 

                 Vuy               115.37 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        275.68 kN. 

                 Vuz               275.68 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6754 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   1081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43644e+000,  Lz   = 1.43644e+000,  Lb   = 1.43644e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1510.74             647.88              67.15 

           ---------------------------------------------------------------- 

            TOTAL            1510.74             647.88              67.15 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      647.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       67.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1510.74 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                647.88 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 67.15 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.054  +  0.011 ] 

                      =  0.091  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        236.40 kN. 

                 Vuy               236.40 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        326.32 kN. 

                 Vuz               326.32 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34514e+000,  Lz   = 1.34514e+000,  Lb   = 1.34514e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1018.74      -295.35     -1393.49       -44.44       -30.31 

           ------------------------------------------------------------------------------- 

            TOTAL           -1018.74      -295.35     -1393.49       -44.44       -30.31 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6763 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1018.74 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3052895.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2292224.65 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1018.74           -1393.49             -30.31 

           ---------------------------------------------------------------- 

            TOTAL           -1018.74           -1393.49             -30.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1393.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -30.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2292224.6545 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1861e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2292224.6545 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.77 kN. 

           -. phiPn =  phi*Pn  =      16481.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1018.74 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16481.49 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1393.49 

           -. --------  =  ---------------  =  0.434  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6769 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 30.31 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.434  +  0.010 ] 

                      =  0.475  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         62.81 kN. 

                 Vuy                62.81 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1180.94 kN. 

                 Vuz              1180.94 

           -. --------  =  ---------------  =  0.194  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34464e+000,  Lz   = 1.34464e+000,  Lb   = 1.34464e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -535.45     -1559.32      -748.56      -160.83       -40.10 

           ------------------------------------------------------------------------------- 

            TOTAL            -535.45     -1559.32      -748.56      -160.83       -40.10 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      535.45 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3055149.57 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2293917.14 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -535.45           -1559.32            -160.83 

           ---------------------------------------------------------------- 

            TOTAL            -535.45           -1559.32            -160.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1559.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -160.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2293917.1416 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1870e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2293917.1416 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.84 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.81 kN. 

           -. phiPn =  phi*Pn  =      16481.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                535.45 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16481.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1559.32 

           -. --------  =  ---------------  =  0.485  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                160.83 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.485  +  0.056 ] 

                      =  0.557  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         94.82 kN. 

                 Vuy                94.82 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        615.21 kN. 

                 Vuz               615.21 

           -. --------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46671e+000,  Lz   = 1.46671e+000,  Lb   = 1.46671e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1774.55             570.73             109.22 

           ---------------------------------------------------------------- 

            TOTAL            1774.55             570.73             109.22 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      570.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      109.22 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1774.55 

           -. -------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                570.73 

           -. --------  =  ---------------  =  0.178  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                109.22 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.178  +  0.038 ] 

                      =  0.266  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        183.03 kN. 

                 Vuy               183.03 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        583.57 kN. 

                 Vuz               583.57 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46709e+000,  Lz   = 1.46709e+000,  Lb   = 1.46709e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -414.39      -370.75      -661.32      -122.63       -49.78 

           ------------------------------------------------------------------------------- 

            TOTAL            -414.39      -370.75      -661.32      -122.63       -49.78 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      414.39 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.40 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0846 

              Pey    =  (Area*Fy)/Lambda^2       =  2566461.06 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0976 

              Pez    =  (Area*Fy)/Lambda^2       =  1926992.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -414.39            -661.32             -49.78 

           ---------------------------------------------------------------- 

            TOTAL            -414.39            -661.32             -49.78 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -661.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -49.78 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1926992.0742 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.467 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9713e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1926992.0742 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.87 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.13 kN. 

           -. phiPn =  phi*Pn  =      16471.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                414.39 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16471.02 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                661.32 

           -. --------  =  ---------------  =  0.206  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 49.78 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.206  +  0.017 ] 

                      =  0.236  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6799 DE 12066 

 

 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        169.50 kN. 

                 Vuy               169.50 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        652.88 kN. 

                 Vuz               652.88 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34451e+000,  Lz   = 1.34451e+000,  Lb   = 1.34451e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -389.16      -668.70     -1558.90       -50.35      -154.37 

           ------------------------------------------------------------------------------- 

            TOTAL            -389.16      -668.70     -1558.90       -50.35      -154.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      389.16 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0775 

              Pey    =  (Area*Fy)/Lambda^2       =  3055749.55 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2294367.62 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -389.16           -1558.90            -154.37 

           ---------------------------------------------------------------- 

            TOTAL            -389.16           -1558.90            -154.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1558.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -154.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2294367.6245 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1872e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2294367.6245 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.87 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.83 kN. 

           -. phiPn =  phi*Pn  =      16481.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                389.16 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16481.54 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1558.90 

           -. --------  =  ---------------  =  0.485  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                154.37 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.485  +  0.053 ] 

                      =  0.550  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        101.27 kN. 

                 Vuy               101.27 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        669.50 kN. 

                 Vuz               669.50 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34427e+000,  Lz   = 1.34427e+000,  Lb   = 1.34427e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1677.75     -1351.79        11.26       -71.52       -76.35 

           ------------------------------------------------------------------------------- 

            TOTAL           -1677.75     -1351.79        11.26       -71.52       -76.35 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1677.75 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0775 

              Pey    =  (Area*Fy)/Lambda^2       =  3056840.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2295186.56 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1677.75           -1351.79             -71.52 

           ---------------------------------------------------------------- 

            TOTAL           -1677.75           -1351.79             -71.52 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1351.79 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -71.52 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2295186.5604 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1877e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2295186.5604 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.91 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.85 kN. 

           -. phiPn =  phi*Pn  =      16481.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1677.75 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            16481.56 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1351.79 

           -. --------  =  ---------------  =  0.421  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 71.52 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.421  +  0.025 ] 

                      =  0.496  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         40.91 kN. 

                 Vuy                40.91 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1122.91 kN. 

                 Vuz              1122.91 

           -. --------  =  ---------------  =  0.184  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34535e+000,  Lz   = 1.34535e+000,  Lb   = 1.34535e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1650.48     -2525.04     -1797.81      -147.63       -35.11 

           ------------------------------------------------------------------------------- 

            TOTAL           -1650.48     -2525.04     -1797.81      -147.63       -35.11 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1650.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 30251249.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4805321.99 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1650.48           -2525.04            -147.63 

           ---------------------------------------------------------------- 

            TOTAL           -1650.48           -2525.04            -147.63 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2525.04 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -147.63 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4805321.9886 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0949e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4805321.9886 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.46 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.90 kN. 

           -. phiPn =  phi*Pn  =      19146.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1650.48 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19146.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.64 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2525.04 

           -. --------  =  ---------------  =  0.211  <  1.000  --->  O.K. 

               phiMny            11939.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                147.63 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.211  +  0.024 ] 

                      =  0.279  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        118.80 kN. 

                 Vuy               118.80 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        635.10 kN. 

                 Vuz               635.10 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34450e+000,  Lz   = 1.34450e+000,  Lb   = 1.34450e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1383.55            2196.98              31.69 

           ---------------------------------------------------------------- 

            TOTAL            1383.55            2196.98              31.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2196.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       31.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1383.55 

           -. -------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2196.98 

           -. --------  =  ---------------  =  0.184  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 31.69 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.184  +  0.005 ] 

                      =  0.212  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         89.83 kN. 

                 Vuy                89.83 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        589.81 kN. 

                 Vuz               589.81 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46653e+000,  Lz   = 1.46653e+000,  Lb   = 1.46653e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1755.06            1277.75             346.00 

           ---------------------------------------------------------------- 

            TOTAL            1755.06            1277.75             346.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1277.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      346.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1755.06 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.15 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1277.75 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny            11938.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                346.00 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.107  +  0.057 ] 

                      =  0.193  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        279.97 kN. 

                 Vuy               279.97 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        543.28 kN. 

                 Vuz               543.28 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46758e+000,  Lz   = 1.46758e+000,  Lb   = 1.46758e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1709.33            1278.70             352.86 

           ---------------------------------------------------------------- 

            TOTAL            1709.33            1278.70             352.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1278.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      352.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1709.33 

           -. -------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.14 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1278.70 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny            11938.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                352.86 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.107  +  0.058 ] 

                      =  0.194  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =        276.79 kN. 

                 Vuy               276.79 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        510.63 kN. 

                 Vuz               510.63 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34457e+000,  Lz   = 1.34457e+000,  Lb   = 1.34457e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2504.57      -616.36      -797.91       -46.92       -96.12 

           ------------------------------------------------------------------------------- 

            TOTAL           -2504.57      -616.36      -797.91       -46.92       -96.12 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2504.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30286171.79 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4810869.25 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2504.57            -797.91             -96.12 

           ---------------------------------------------------------------- 

            TOTAL           -2504.57            -797.91             -96.12 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -797.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -96.12 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4810869.2479 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0985e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4810869.2479 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.72 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.94 kN. 

           -. phiPn =  phi*Pn  =      19146.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2504.57 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            19146.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                797.91 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 96.12 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.067  +  0.016 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         95.54 kN. 

                 Vuy                95.54 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        559.17 kN. 

                 Vuz               559.17 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34481e+000,  Lz   = 1.34481e+000,  Lb   = 1.34481e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2506.34      -795.23     -1054.29       -96.32      -148.99 

           ------------------------------------------------------------------------------- 

            TOTAL           -2506.34      -795.23     -1054.29       -96.32      -148.99 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2506.34 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0322 

              Pey    =  (Area*Fy)/Lambda^2       = 30275186.18 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4809124.22 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2506.34           -1054.29            -148.99 

           ---------------------------------------------------------------- 

            TOTAL           -2506.34           -1054.29            -148.99 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1054.29 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -148.99 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4809124.2160 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0974e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4809124.2160 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.64 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.93 kN. 

           -. phiPn =  phi*Pn  =      19146.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2506.34 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            19146.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.65 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1054.29 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMny            11939.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                148.99 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.088  +  0.025 ] 

                      =  0.178  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6876 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        106.69 kN. 

                 Vuy               106.69 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        606.09 kN. 

                 Vuz               606.09 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6877 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   3019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34428e+000,  Lz   = 1.34428e+000,  Lb   = 1.34428e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -724.81       -13.63     -1128.72       -48.50       -48.35 

           ------------------------------------------------------------------------------- 

            TOTAL            -724.81       -13.63     -1128.72       -48.50       -48.35 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      724.81 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0775 

              Pey    =  (Area*Fy)/Lambda^2       =  3056781.04 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2295142.11 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -724.81           -1128.72             -48.35 

           ---------------------------------------------------------------- 

            TOTAL            -724.81           -1128.72             -48.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1128.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -48.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2295142.1070 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.344 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1876e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2295142.1070 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.91 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.85 kN. 

           -. phiPn =  phi*Pn  =      16481.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                724.81 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16481.56 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1128.72 

           -. --------  =  ---------------  =  0.351  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 48.35 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.351  +  0.017 ] 

                      =  0.390  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         40.10 kN. 

                 Vuy                40.10 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        966.19 kN. 

                 Vuz               966.19 

           -. --------  =  ---------------  =  0.159  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34470e+000,  Lz   = 1.34470e+000,  Lb   = 1.34470e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1169.58     -1282.24      -629.06      -155.08       -21.26 

           ------------------------------------------------------------------------------- 

            TOTAL           -1169.58     -1282.24      -629.06      -155.08       -21.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1169.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3054886.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2293719.24 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1169.58           -1282.24            -155.08 

           ---------------------------------------------------------------- 

            TOTAL           -1169.58           -1282.24            -155.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1282.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -155.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2293719.2389 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1869e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2293719.2389 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.83 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.81 kN. 

           -. phiPn =  phi*Pn  =      16481.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1169.58 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            16481.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1282.24 

           -. --------  =  ---------------  =  0.399  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6896 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                155.08 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.399  +  0.054 ] 

                      =  0.488  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        108.29 kN. 

                 Vuy               108.29 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        493.01 kN. 

                 Vuz               493.01 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46753e+000,  Lz   = 1.46753e+000,  Lb   = 1.46753e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1142.69      -620.73      -184.99       -21.50       -75.16 

           ------------------------------------------------------------------------------- 

            TOTAL           -1142.69      -620.73      -184.99       -21.50       -75.16 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1142.69 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.40 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0846 

              Pey    =  (Area*Fy)/Lambda^2       =  2564891.62 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0977 

              Pez    =  (Area*Fy)/Lambda^2       =  1925813.68 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1142.69            -620.73             -21.50 

           ---------------------------------------------------------------- 

            TOTAL           -1142.69            -620.73             -21.50 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -620.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -21.50 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1925813.6839 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.468 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9652e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1925813.6839 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.81 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.08 kN. 

           -. phiPn =  phi*Pn  =      16470.97 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1142.69 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            16470.97 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                620.73 

           -. --------  =  ---------------  =  0.193  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 21.50 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.193  +  0.007 ] 

                      =  0.235  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        126.98 kN. 

                 Vuy               126.98 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        452.76 kN. 

                 Vuz               452.76 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46832e+000,  Lz   = 1.46832e+000,  Lb   = 1.46832e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2436.97      -373.61      -359.71      -160.08       -58.80 

           ------------------------------------------------------------------------------- 

            TOTAL           -2436.97      -373.61      -359.71      -160.08       -58.80 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2436.97 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.41 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0847 

              Pey    =  (Area*Fy)/Lambda^2       =  2562158.93 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0977 

              Pez    =  (Area*Fy)/Lambda^2       =  1923761.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2436.97            -373.61            -160.08 

           ---------------------------------------------------------------- 

            TOTAL           -2436.97            -373.61            -160.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -373.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -160.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1923761.8803 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.468 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9546e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1923761.8803 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.70 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.01 kN. 

           -. phiPn =  phi*Pn  =      16470.90 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2436.97 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            16470.90 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                373.61 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                160.08 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.074 + [  0.116  +  0.055 ] 

                      =  0.246  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        175.79 kN. 

                 Vuy               175.79 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        418.34 kN. 

                 Vuz               418.34 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34561e+000,  Lz   = 1.34561e+000,  Lb   = 1.34561e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -949.72      -493.51     -1099.10       -14.38      -116.37 

           ------------------------------------------------------------------------------- 

            TOTAL            -949.72      -493.51     -1099.10       -14.38      -116.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      949.72 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3050749.08 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2290613.09 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -949.72           -1099.10            -116.37 

           ---------------------------------------------------------------- 

            TOTAL            -949.72           -1099.10            -116.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1099.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -116.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6927 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2290613.0944 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1853e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2290613.0944 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.73 kN. 

           -. phiPn =  phi*Pn  =      16481.45 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                949.72 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16481.45 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1099.10 

           -. --------  =  ---------------  =  0.342  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                116.37 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.342  +  0.040 ] 

                      =  0.411  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        106.00 kN. 

                 Vuy               106.00 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        465.55 kN. 

                 Vuz               465.55 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34613e+000,  Lz   = 1.34613e+000,  Lb   = 1.34613e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1839.02      -960.65         4.17       -72.99       -58.10 

           ------------------------------------------------------------------------------- 

            TOTAL           -1839.02      -960.65         4.17       -72.99       -58.10 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1839.02 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3048392.08 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2288843.37 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1839.02            -960.65             -72.99 

           ---------------------------------------------------------------- 

            TOTAL           -1839.02            -960.65             -72.99 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -960.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -72.99 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2288843.3724 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1844e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2288843.3724 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.57 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.68 kN. 

           -. phiPn =  phi*Pn  =      16481.41 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1839.02 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            16481.41 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6939 DE 12066 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.43 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                960.65 

           -. --------  =  ---------------  =  0.299  <  1.000  --->  O.K. 

               phiMny             3213.43 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 72.99 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.299  +  0.025 ] 

                      =  0.380  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         57.63 kN. 

                 Vuy                57.63 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        888.11 kN. 

                 Vuz               888.11 

           -. --------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34535e+000,  Lz   = 1.34535e+000,  Lb   = 1.34535e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1058.34       -40.08     -1008.90       -45.43       -59.39 

           ------------------------------------------------------------------------------- 

            TOTAL           -1058.34       -40.08     -1008.90       -45.43       -59.39 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1058.34 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3051935.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2291504.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1058.34           -1008.90             -59.39 

           ---------------------------------------------------------------- 

            TOTAL           -1058.34           -1008.90             -59.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1008.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -59.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2291504.0462 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1858e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2291504.0462 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.71 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.75 kN. 

           -. phiPn =  phi*Pn  =      16481.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1058.34 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16481.48 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1008.90 

           -. --------  =  ---------------  =  0.314  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 59.39 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.314  +  0.021 ] 

                      =  0.367  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         54.28 kN. 

                 Vuy                54.28 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        891.78 kN. 

                 Vuz               891.78 

           -. --------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34667e+000,  Lz   = 1.34667e+000,  Lb   = 1.34667e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1175.64     -1188.03      -582.55      -190.89       -52.95 

           ------------------------------------------------------------------------------- 

            TOTAL           -1175.64     -1188.03      -582.55      -190.89       -52.95 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1175.64 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0777 

              Pey    =  (Area*Fy)/Lambda^2       =  3045971.53 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2287025.94 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1175.64           -1188.03            -190.89 

           ---------------------------------------------------------------- 

            TOTAL           -1175.64           -1188.03            -190.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1188.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -190.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2287025.9375 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.347 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1834e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2287025.9375 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.47 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.63 kN. 

           -. phiPn =  phi*Pn  =      16481.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1175.64 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            16481.37 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.43 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1188.03 

           -. --------  =  ---------------  =  0.370  <  1.000  --->  O.K. 

               phiMny             3213.43 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                190.89 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.370  +  0.066 ] 

                      =  0.471  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        134.46 kN. 

                 Vuy               134.46 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        470.69 kN. 

                 Vuz               470.69 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46838e+000,  Lz   = 1.46838e+000,  Lb   = 1.46838e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2506.87      -372.23      -379.47       -60.00      -159.84 

           ------------------------------------------------------------------------------- 

            TOTAL           -2506.87      -372.23      -379.47       -60.00      -159.84 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2506.87 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.41 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0847 

              Pey    =  (Area*Fy)/Lambda^2       =  2561930.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0977 

              Pez    =  (Area*Fy)/Lambda^2       =  1923590.57 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2506.87            -379.47            -159.84 

           ---------------------------------------------------------------- 

            TOTAL           -2506.87            -379.47            -159.84 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6968 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -379.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -159.84 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1923590.5736 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.468 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9537e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1923590.5736 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.69 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.00 kN. 

           -. phiPn =  phi*Pn  =      16470.90 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2506.87 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            16470.90 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                379.47 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                159.84 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.076 + [  0.118  +  0.055 ] 

                      =  0.249  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        178.14 kN. 

                 Vuy               178.14 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        418.08 kN. 

                 Vuz               418.08 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.39467e+000,  Lz   = 1.39467e+000,  Lb   = 1.39467e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2091.87             412.74             122.93 

           ---------------------------------------------------------------- 

            TOTAL            2091.87             412.74             122.93 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      412.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      122.93 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2091.87 

           -. -------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.32 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                412.74 

           -. --------  =  ---------------  =  0.128  <  1.000  --->  O.K. 

               phiMny             3213.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.86 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.86 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                122.93 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiMnz             2895.86 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.128  +  0.042 ] 

                      =  0.231  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        171.14 kN. 

                 Vuy               171.14 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        486.36 kN. 

                 Vuz               486.36 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34597e+000,  Lz   = 1.34597e+000,  Lb   = 1.34597e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -971.03      -468.18     -1141.95       -76.12      -126.73 

           ------------------------------------------------------------------------------- 

            TOTAL            -971.03      -468.18     -1141.95       -76.12      -126.73 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      971.03 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3049119.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2289389.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -971.03           -1141.95            -126.73 

           ---------------------------------------------------------------- 

            TOTAL            -971.03           -1141.95            -126.73 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6986 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1141.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -126.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6988 DE 12066 

 

 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2289389.1662 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1847e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2289389.1662 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.60 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.69 kN. 

           -. phiPn =  phi*Pn  =      16481.42 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                971.03 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16481.42 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1141.95 

           -. --------  =  ---------------  =  0.355  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                126.73 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.355  +  0.044 ] 

                      =  0.429  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        113.57 kN. 

                 Vuy               113.57 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        512.28 kN. 

                 Vuz               512.28 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34563e+000,  Lz   = 1.34563e+000,  Lb   = 1.34563e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1834.03      -953.14       -27.09       -85.38       -81.80 

           ------------------------------------------------------------------------------- 

            TOTAL           -1834.03      -953.14       -27.09       -85.38       -81.80 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1834.03 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3050673.26 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2290556.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1834.03            -953.14             -85.38 

           ---------------------------------------------------------------- 

            TOTAL           -1834.03            -953.14             -85.38 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 6997 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -953.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -85.38 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2290556.1679 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1853e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2290556.1679 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.72 kN. 

           -. phiPn =  phi*Pn  =      16481.45 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1834.03 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            16481.45 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                953.14 

           -. --------  =  ---------------  =  0.297  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 85.38 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.297  +  0.029 ] 

                      =  0.382  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         40.19 kN. 

                 Vuy                40.19 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        874.68 kN. 

                 Vuz               874.68 

           -. --------  =  ---------------  =  0.144  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34634e+000,  Lz   = 1.34634e+000,  Lb   = 1.34634e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1757.92     -1972.62     -1391.05      -163.50       -31.77 

           ------------------------------------------------------------------------------- 

            TOTAL           -1757.92     -1972.62     -1391.05      -163.50       -31.77 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1757.92 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 30206789.59 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0810 

              Pez    =  (Area*Fy)/Lambda^2       =  4798259.62 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1757.92           -1972.62            -163.50 

           ---------------------------------------------------------------- 

            TOTAL           -1757.92           -1972.62            -163.50 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1972.62 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -163.50 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7011 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4798259.6193 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0904e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4798259.6193 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.13 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.84 kN. 

           -. phiPn =  phi*Pn  =      19146.46 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1757.92 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19146.46 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1972.62 

           -. --------  =  ---------------  =  0.165  <  1.000  --->  O.K. 

               phiMny            11939.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                163.50 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.165  +  0.027 ] 

                      =  0.238  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        114.10 kN. 

                 Vuy               114.10 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        528.45 kN. 

                 Vuz               528.45 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34603e+000,  Lz   = 1.34603e+000,  Lb   = 1.34603e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1739.15     -1388.19      -864.93       -32.04       -58.50 

           ------------------------------------------------------------------------------- 

            TOTAL           -1739.15     -1388.19      -864.93       -32.04       -58.50 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1739.15 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 30220410.81 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0810 

              Pez    =  (Area*Fy)/Lambda^2       =  4800423.31 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1739.15           -1388.19             -32.04 

           ---------------------------------------------------------------- 

            TOTAL           -1739.15           -1388.19             -32.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1388.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -32.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4800423.3106 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0918e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4800423.3106 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.23 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.86 kN. 

           -. phiPn =  phi*Pn  =      19146.47 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1739.15 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19146.47 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1388.19 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMny            11939.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 32.04 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.116  +  0.005 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         79.22 kN. 

                 Vuy                79.22 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        480.14 kN. 

                 Vuz               480.14 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.39500e+000,  Lz   = 1.39500e+000,  Lb   = 1.39500e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1834.29            1227.18             358.02 

           ---------------------------------------------------------------- 

            TOTAL            1834.29            1227.18             358.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1227.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      358.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1834.29 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.03 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.03 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1227.18 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiMny            11939.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.69 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                358.02 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiMnz             6075.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.103  +  0.059 ] 

                      =  0.192  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        294.07 kN. 

                 Vuy               294.07 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        433.91 kN. 

                 Vuz               433.91 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.39484e+000,  Lz   = 1.39484e+000,  Lb   = 1.39484e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1836.35            1216.38             363.99 

           ---------------------------------------------------------------- 

            TOTAL            1836.35            1216.38             363.99 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1216.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      363.99 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1836.35 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.03 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.03 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1216.38 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMny            11939.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.69 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                363.99 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiMnz             6075.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.102  +  0.060 ] 

                      =  0.193  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        286.31 kN. 

                 Vuy               286.31 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        407.98 kN. 

                 Vuz               407.98 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34577e+000,  Lz   = 1.34577e+000,  Lb   = 1.34577e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2639.06      -769.48      -976.14       -44.89      -102.72 

           ------------------------------------------------------------------------------- 

            TOTAL           -2639.06      -769.48      -976.14       -44.89      -102.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2639.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 30232141.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4802286.65 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2639.06            -976.14            -102.72 

           ---------------------------------------------------------------- 

            TOTAL           -2639.06            -976.14            -102.72 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -976.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -102.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4802286.6540 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0930e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4802286.6540 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.32 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.87 kN. 

           -. phiPn =  phi*Pn  =      19146.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2639.06 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            19146.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.64 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                976.14 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMny            11939.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                102.72 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.069 + [  0.082  +  0.017 ] 

                      =  0.168  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        101.03 kN. 

                 Vuy               101.03 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        454.79 kN. 

                 Vuz               454.79 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34576e+000,  Lz   = 1.34576e+000,  Lb   = 1.34576e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2642.07      -974.37     -1251.10      -102.83      -174.21 

           ------------------------------------------------------------------------------- 

            TOTAL           -2642.07      -974.37     -1251.10      -102.83      -174.21 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7054 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2642.07 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 30232425.02 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0809 

              Pez    =  (Area*Fy)/Lambda^2       =  4802331.73 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2642.07           -1251.10            -174.21 

           ---------------------------------------------------------------- 

            TOTAL           -2642.07           -1251.10            -174.21 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1251.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -174.21 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4802331.7315 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0930e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4802331.7315 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.32 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.87 kN. 

           -. phiPn =  phi*Pn  =      19146.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2642.07 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            19146.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.64 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1251.10 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny            11939.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                174.21 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.069 + [  0.105  +  0.029 ] 

                      =  0.202  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        119.97 kN. 

                 Vuy               119.97 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        500.33 kN. 

                 Vuz               500.33 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34592e+000,  Lz   = 1.34592e+000,  Lb   = 1.34592e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1099.32       -45.00      -914.61       -57.76       -63.91 

           ------------------------------------------------------------------------------- 

            TOTAL           -1099.32       -45.00      -914.61       -57.76       -63.91 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1099.32 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3049354.64 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2289566.10 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1099.32            -914.61             -63.91 

           ---------------------------------------------------------------- 

            TOTAL           -1099.32            -914.61             -63.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -914.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -63.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2289566.0997 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1848e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2289566.0997 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.61 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.70 kN. 

           -. phiPn =  phi*Pn  =      16481.43 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1099.32 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            16481.43 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                914.61 

           -. --------  =  ---------------  =  0.285  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 63.91 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.285  +  0.022 ] 

                      =  0.340  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         37.07 kN. 

                 Vuy                37.07 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        819.17 kN. 

                 Vuz               819.17 

           -. --------  =  ---------------  =  0.134  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34610e+000,  Lz   = 1.34610e+000,  Lb   = 1.34610e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1288.79     -1060.61      -526.24      -155.84       -35.65 

           ------------------------------------------------------------------------------- 

            TOTAL           -1288.79     -1060.61      -526.24      -155.84       -35.65 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1288.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3048513.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2288934.32 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1288.79           -1060.61            -155.84 

           ---------------------------------------------------------------- 

            TOTAL           -1288.79           -1060.61            -155.84 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1060.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -155.84 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2288934.3200 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1844e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2288934.3200 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.57 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.68 kN. 

           -. phiPn =  phi*Pn  =      16481.41 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1288.79 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            16481.41 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.43 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1060.61 

           -. --------  =  ---------------  =  0.330  <  1.000  --->  O.K. 

               phiMny             3213.43 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                155.84 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.330  +  0.054 ] 

                      =  0.423  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        119.63 kN. 

                 Vuy               119.63 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        413.82 kN. 

                 Vuz               413.82 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.39444e+000,  Lz   = 1.39444e+000,  Lb   = 1.39444e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2084.19             427.69             129.91 

           ---------------------------------------------------------------- 

            TOTAL            2084.19             427.69             129.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      427.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      129.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2084.19 

           -. -------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.32 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                427.69 

           -. --------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiMny             3213.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.86 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.86 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                129.91 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz             2895.86 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.060 + [  0.133  +  0.045 ] 

                      =  0.238  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        131.29 kN. 

                 Vuy               131.29 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        380.78 kN. 

                 Vuz               380.78 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46895e+000,  Lz   = 1.46895e+000,  Lb   = 1.46895e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7093 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1755.38      -431.17      -355.23      -294.83       -50.68 

           ------------------------------------------------------------------------------- 

            TOTAL           -1755.38      -431.17      -355.23      -294.83       -50.68 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1755.38 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.41 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0847 

              Pey    =  (Area*Fy)/Lambda^2       =  2559959.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0978 

              Pez    =  (Area*Fy)/Lambda^2       =  1922110.76 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1755.38            -431.17            -294.83 

           ---------------------------------------------------------------- 

            TOTAL           -1755.38            -431.17            -294.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -431.17 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -294.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1922110.7555 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.469 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9461e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1922110.7555 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.61 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18300.94 kN. 

           -. phiPn =  phi*Pn  =      16470.85 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1755.38 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            16470.85 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                431.17 

           -. --------  =  ---------------  =  0.134  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                294.83 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.134  +  0.102 ] 

                      =  0.289  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        247.51 kN. 

                 Vuy               247.51 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        331.81 kN. 

                 Vuz               331.81 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34610e+000,  Lz   = 1.34610e+000,  Lb   = 1.34610e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1339.14      -434.65      -889.82       -31.06      -189.63 

           ------------------------------------------------------------------------------- 

            TOTAL           -1339.14      -434.65      -889.82       -31.06      -189.63 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1339.14 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3048518.26 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2288938.11 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1339.14            -889.82            -189.63 

           ---------------------------------------------------------------- 

            TOTAL           -1339.14            -889.82            -189.63 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -889.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -189.63 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2288938.1096 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1844e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2288938.1096 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.57 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.68 kN. 

           -. phiPn =  phi*Pn  =      16481.41 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1339.14 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            16481.41 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.43 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                889.82 

           -. --------  =  ---------------  =  0.277  <  1.000  --->  O.K. 

               phiMny             3213.43 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                189.63 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.277  +  0.065 ] 

                      =  0.383  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        157.75 kN. 

                 Vuy               157.75 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        387.84 kN. 

                 Vuz               387.84 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34559e+000,  Lz   = 1.34559e+000,  Lb   = 1.34559e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1722.90             926.65              70.64 

           ---------------------------------------------------------------- 

            TOTAL            1722.90             926.65              70.64 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      926.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       70.64 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1722.90 

           -. -------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                926.65 

           -. --------  =  ---------------  =  0.288  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 70.64 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.288  +  0.024 ] 

                      =  0.362  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         65.98 kN. 

                 Vuy                65.98 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        758.16 kN. 

                 Vuz               758.16 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34596e+000,  Lz   = 1.34596e+000,  Lb   = 1.34596e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1002.50       -52.52      -956.45       -93.59       -91.13 

           ------------------------------------------------------------------------------- 

            TOTAL           -1002.50       -52.52      -956.45       -93.59       -91.13 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1002.50 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3049176.22 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2289432.13 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1002.50            -956.45             -91.13 

           ---------------------------------------------------------------- 

            TOTAL           -1002.50            -956.45             -91.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -956.45 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -91.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2289432.1333 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1847e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2289432.1333 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.60 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.69 kN. 

           -. phiPn =  phi*Pn  =      16481.43 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1002.50 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16481.43 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                956.45 

           -. --------  =  ---------------  =  0.298  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 91.13 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.298  +  0.031 ] 

                      =  0.360  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         63.64 kN. 

                 Vuy                63.64 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        904.42 kN. 

                 Vuz               904.42 

           -. --------  =  ---------------  =  0.148  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34596e+000,  Lz   = 1.34596e+000,  Lb   = 1.34596e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -840.37      -937.76      -581.21      -295.20       -54.19 

           ------------------------------------------------------------------------------- 

            TOTAL            -840.37      -937.76      -581.21      -295.20       -54.19 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      840.37 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3049162.76 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2289422.02 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -840.37            -937.76            -295.20 

           ---------------------------------------------------------------- 

            TOTAL            -840.37            -937.76            -295.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -937.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -295.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2289422.0233 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1847e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2289422.0233 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.60 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.69 kN. 

           -. phiPn =  phi*Pn  =      16481.42 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                840.37 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16481.42 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7139 DE 12066 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                937.76 

           -. --------  =  ---------------  =  0.292  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                295.20 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.292  +  0.102 ] 

                      =  0.419  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        181.97 kN. 

                 Vuy               181.97 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        394.44 kN. 

                 Vuz               394.44 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46876e+000,  Lz   = 1.46876e+000,  Lb   = 1.46876e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -828.38      -573.64      -383.51       -54.21      -288.88 

           ------------------------------------------------------------------------------- 

            TOTAL            -828.38      -573.64      -383.51       -54.21      -288.88 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      828.38 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.41 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0847 

              Pey    =  (Area*Fy)/Lambda^2       =  2560600.68 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0978 

              Pez    =  (Area*Fy)/Lambda^2       =  1922591.89 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -828.38            -383.51            -288.88 

           ---------------------------------------------------------------- 

            TOTAL            -828.38            -383.51            -288.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -383.51 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -288.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1922591.8922 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.469 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9486e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1922591.8922 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.63 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18300.96 kN. 

           -. phiPn =  phi*Pn  =      16470.86 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                828.38 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16470.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                383.51 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                288.88 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.119  +  0.100 ] 

                      =  0.244  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        246.37 kN. 

                 Vuy               246.37 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        342.62 kN. 

                 Vuz               342.62 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46815e+000,  Lz   = 1.46815e+000,  Lb   = 1.46815e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2068.89      -333.49      -451.29       -38.94       -40.83 

           ------------------------------------------------------------------------------- 

            TOTAL           -2068.89      -333.49      -451.29       -38.94       -40.83 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2068.89 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.41 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0847 

              Pey    =  (Area*Fy)/Lambda^2       =  2562729.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0977 

              Pez    =  (Area*Fy)/Lambda^2       =  1924190.28 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2068.89            -451.29             -40.83 

           ---------------------------------------------------------------- 

            TOTAL           -2068.89            -451.29             -40.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -451.29 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -40.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1924190.2806 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.468 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9568e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1924190.2806 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.72 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.02 kN. 

           -. phiPn =  phi*Pn  =      16470.92 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2068.89 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            16470.92 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                451.29 

           -. --------  =  ---------------  =  0.140  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 40.83 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.063 + [  0.140  +  0.014 ] 

                      =  0.217  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        148.11 kN. 

                 Vuy               148.11 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        386.06 kN. 

                 Vuz               386.06 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34541e+000,  Lz   = 1.34541e+000,  Lb   = 1.34541e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -132.70      -439.38     -1014.80       -23.95      -152.44 

           ------------------------------------------------------------------------------- 

            TOTAL            -132.70      -439.38     -1014.80       -23.95      -152.44 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      132.70 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  3051665.93 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  2291301.50 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -132.70           -1014.80            -152.44 

           ---------------------------------------------------------------- 

            TOTAL            -132.70           -1014.80            -152.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1014.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -152.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2291301.4963 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.345 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1856e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2291301.4963 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.70 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.74 kN. 

           -. phiPn =  phi*Pn  =      16481.47 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                132.70 

           -. -------  =  ---------------  =     8.05e-003  <  1.000  --->  O.K. 

               phiPn            16481.47 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1014.80 

           -. --------  =  ---------------  =  0.316  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                152.44 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.316  +  0.053 ] 

                      =  0.372  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        147.98 kN. 

                 Vuy               147.98 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        436.80 kN. 

                 Vuz               436.80 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34675e+000,  Lz   = 1.34675e+000,  Lb   = 1.34675e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -865.48      -873.16       -80.14       -75.56       -74.35 

           ------------------------------------------------------------------------------- 

            TOTAL            -865.48      -873.16       -80.14       -75.56       -74.35 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      865.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0777 

              Pey    =  (Area*Fy)/Lambda^2       =  3045612.14 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  2286756.09 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -865.48            -873.16             -75.56 

           ---------------------------------------------------------------- 

            TOTAL            -865.48            -873.16             -75.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -873.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -75.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7180 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2286756.0928 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.347 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1833e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2286756.0928 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.45 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18312.62 kN. 

           -. phiPn =  phi*Pn  =      16481.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                865.48 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16481.36 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7183 DE 12066 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.43 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                873.16 

           -. --------  =  ---------------  =  0.272  <  1.000  --->  O.K. 

               phiMny             3213.43 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 75.56 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.272  +  0.026 ] 

                      =  0.324  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         28.68 kN. 

                 Vuy                28.68 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        781.99 kN. 

                 Vuz               781.99 

           -. --------  =  ---------------  =  0.128  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34593e+000,  Lz   = 1.34593e+000,  Lb   = 1.34593e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -593.26     -1624.13     -1139.19      -259.02      -126.18 

           ------------------------------------------------------------------------------- 

            TOTAL            -593.26     -1624.13     -1139.19      -259.02      -126.18 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      593.26 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 30225081.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0810 

              Pez    =  (Area*Fy)/Lambda^2       =  4801165.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -593.26           -1624.13            -259.02 

           ---------------------------------------------------------------- 

            TOTAL            -593.26           -1624.13            -259.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1624.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -259.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4801165.2940 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0923e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4801165.2940 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.26 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.86 kN. 

           -. phiPn =  phi*Pn  =      19146.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                593.26 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19146.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.64 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1624.13 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiMny            11939.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                259.02 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.136  +  0.043 ] 

                      =  0.194  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        137.39 kN. 

                 Vuy               137.39 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        438.52 kN. 

                 Vuz               438.52 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34609e+000,  Lz   = 1.34609e+000,  Lb   = 1.34609e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2176.44      -766.57      -526.94       -92.89       -26.86 

           ------------------------------------------------------------------------------- 

            TOTAL           -2176.44      -766.57      -526.94       -92.89       -26.86 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2176.44 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0323 

              Pey    =  (Area*Fy)/Lambda^2       = 30217608.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0810 

              Pez    =  (Area*Fy)/Lambda^2       =  4799978.23 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2176.44            -766.57             -92.89 

           ---------------------------------------------------------------- 

            TOTAL           -2176.44            -766.57             -92.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -766.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -92.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4799978.2306 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.346 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0915e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4799978.2306 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         225.21 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21273.85 kN. 

           -. phiPn =  phi*Pn  =      19146.47 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2176.44 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            19146.47 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                766.57 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiMny            11939.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 92.89 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.057 + [  0.064  +  0.015 ] 

                      =  0.136  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        134.85 kN. 

                 Vuy               134.85 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        391.63 kN. 

                 Vuz               391.63 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46786e+000,  Lz   = 1.46786e+000,  Lb   = 1.46786e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1482.23            1303.41             382.85 

           ---------------------------------------------------------------- 

            TOTAL            1482.23            1303.41             382.85 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1303.41 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      382.85 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1482.23 

           -. -------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.13 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1303.41 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny            11938.13 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                382.85 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.109  +  0.063 ] 

                      =  0.197  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        283.91 kN. 

                 Vuy               283.91 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        345.28 kN. 

                 Vuz               345.28 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46873e+000,  Lz   = 1.46873e+000,  Lb   = 1.46873e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1580.36            1368.44             235.96 

           ---------------------------------------------------------------- 

            TOTAL            1580.36            1368.44             235.96 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1368.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      235.96 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1580.36 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.12 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1368.44 

           -. --------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiMny            11938.12 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.60 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.60 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.60 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                235.96 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMnz             6075.60 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.115  +  0.039 ] 

                      =  0.180  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        236.21 kN. 

                 Vuy               236.21 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        143.64 kN. 

                 Vuz               143.64 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34534e+000,  Lz   = 1.34534e+000,  Lb   = 1.34534e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1578.92            1393.68              83.06 

           ---------------------------------------------------------------- 

            TOTAL            1578.92            1393.68              83.06 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7225 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1393.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       83.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1578.92 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.64 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1393.68 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny            11939.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 83.06 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.117  +  0.014 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         97.61 kN. 

                 Vuy                97.61 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        104.93 kN. 

                 Vuz               104.93 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34653e+000,  Lz   = 1.34653e+000,  Lb   = 1.34653e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1577.30            1344.53              69.54 

           ---------------------------------------------------------------- 

            TOTAL            1577.30            1344.53              69.54 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1344.53 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       69.54 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1577.30 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11939.63 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11939.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1344.53 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny            11939.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.76 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 69.54 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6075.76 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.113  +  0.011 ] 

                      =  0.150  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        153.64 kN. 

                 Vuy               153.64 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        120.10 kN. 

                 Vuz               120.10 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   3079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34568e+000,  Lz   = 1.34568e+000,  Lb   = 1.34568e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1508.51             877.86              28.52 

           ---------------------------------------------------------------- 

            TOTAL            1508.51             877.86              28.52 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      877.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       28.52 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1508.51 

           -. -------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.44 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                877.86 

           -. --------  =  ---------------  =  0.273  <  1.000  --->  O.K. 

               phiMny             3213.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 28.52 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.273  +  0.010 ] 

                      =  0.326  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         36.58 kN. 

                 Vuy                36.58 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        148.83 kN. 

                 Vuz               148.83 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34608e+000,  Lz   = 1.34608e+000,  Lb   = 1.34608e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1506.72             770.76              38.43 

           ---------------------------------------------------------------- 

            TOTAL            1506.72             770.76              38.43 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7246 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      770.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       38.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1506.72 

           -. -------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.43 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                770.76 

           -. --------  =  ---------------  =  0.240  <  1.000  --->  O.K. 

               phiMny             3213.43 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.94 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.94 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 38.43 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             2895.94 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.240  +  0.013 ] 

                      =  0.296  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         35.00 kN. 

                 Vuy                35.00 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        205.40 kN. 

                 Vuz               205.40 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   3081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.46771e+000,  Lz   = 1.46771e+000,  Lb   = 1.46771e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1856.08      -228.02      -534.98       -57.46      -115.61 

           ------------------------------------------------------------------------------- 

            TOTAL           -1856.08      -228.02      -534.98       -57.46      -115.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1856.08 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.40 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0846 

              Pey    =  (Area*Fy)/Lambda^2       =  2564260.57 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0977 

              Pez    =  (Area*Fy)/Lambda^2       =  1925339.87 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1856.08            -534.98            -115.61 

           ---------------------------------------------------------------- 

            TOTAL           -1856.08            -534.98            -115.61 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -534.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -115.61 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1925339.8711 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.468 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.9628e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1925339.8711 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         104.78 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.07 kN. 

           -. phiPn =  phi*Pn  =      16470.96 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1856.08 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            16470.96 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                534.98 

           -. --------  =  ---------------  =  0.166  <  1.000  --->  O.K. 

               phiMny             3213.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                115.61 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiMnz             2895.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.166  +  0.040 ] 

                      =  0.263  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        201.60 kN. 

                 Vuy               201.60 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7261 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        272.86 kN. 

                 Vuz               272.86 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   4010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.26836e+000,  Lz   = 3.26836e+000,  Lb   = 3.26836e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -445.57     -1563.55      -421.44      -166.38      -145.17 

           ------------------------------------------------------------------------------- 

            TOTAL            -445.57     -1563.55      -421.44      -166.38      -145.17 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      445.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.93 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0783 

              Pey    =  (Area*Fy)/Lambda^2       =  5125673.84 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.87 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1966 

              Pez    =  (Area*Fy)/Lambda^2       =   814198.20 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -445.57           -1563.55            -166.38 

           ---------------------------------------------------------------- 

            TOTAL            -445.57           -1563.55            -166.38 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1563.55 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -166.38 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  814198.2025 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.268 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2439e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  814198.2025 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21081.18 kN. 

           -. phiPn =  phi*Pn  =      18973.06 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                445.57 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            18973.06 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1563.55 

           -. --------  =  ---------------  =  0.131  <  1.000  --->  O.K. 

               phiMny            11915.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.32 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.32 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                166.38 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             6073.32 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.131  +  0.027 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        128.54 kN. 

                 Vuy               128.54 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        526.91 kN. 

                 Vuz               526.91 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59669e+000,  Lz   = 1.59669e+000,  Lb   = 1.59669e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -340.04      -623.63     -1277.47      -141.65      -145.33 

           ------------------------------------------------------------------------------- 

            TOTAL            -340.04      -623.63     -1277.47      -141.65      -145.33 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      340.04 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.90 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0383 

              Pey    =  (Area*Fy)/Lambda^2       = 21476811.78 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0960 

              Pez    =  (Area*Fy)/Lambda^2       =  3411528.34 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -340.04           -1277.47            -145.33 

           ---------------------------------------------------------------- 

            TOTAL            -340.04           -1277.47            -145.33 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1277.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -145.33 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3411528.3389 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.597 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1972e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3411528.3389 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         160.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21257.77 kN. 

           -. phiPn =  phi*Pn  =      19131.99 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                340.04 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19131.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1277.47 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMny            11936.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                145.33 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.107  +  0.024 ] 

                      =  0.140  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         74.31 kN. 

                 Vuy                74.31 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        485.58 kN. 

                 Vuz               485.58 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43238e+000,  Lz   = 1.43238e+000,  Lb   = 1.43238e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -293.77     -1288.18     -1921.27      -139.31      -118.82 

           ------------------------------------------------------------------------------- 

            TOTAL            -293.77     -1288.18     -1921.27      -139.31      -118.82 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      293.77 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0343 

              Pey    =  (Area*Fy)/Lambda^2       = 26686557.55 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0862 

              Pez    =  (Area*Fy)/Lambda^2       =  4239081.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -293.77           -1921.27            -118.82 

           ---------------------------------------------------------------- 

            TOTAL            -293.77           -1921.27            -118.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1921.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -118.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4239081.1200 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.432 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7302e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4239081.1200 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.89 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.62 kN. 

           -. phiPn =  phi*Pn  =      19141.76 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                293.77 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19141.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1921.27 

           -. --------  =  ---------------  =  0.161  <  1.000  --->  O.K. 

               phiMny            11938.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                118.82 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.161  +  0.020 ] 

                      =  0.188  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         29.36 kN. 

                 Vuy                29.36 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        468.34 kN. 

                 Vuz               468.34 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43321e+000,  Lz   = 1.43321e+000,  Lb   = 1.43321e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -248.65     -1617.96     -1171.44      -172.73      -201.07 

           ------------------------------------------------------------------------------- 

            TOTAL            -248.65     -1617.96     -1171.44      -172.73      -201.07 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7297 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      248.65 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26655636.96 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0862 

              Pez    =  (Area*Fy)/Lambda^2       =  4234169.48 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -248.65           -1617.96            -172.73 

           ---------------------------------------------------------------- 

            TOTAL            -248.65           -1617.96            -172.73 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1617.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -172.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4234169.4759 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.433 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7271e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4234169.4759 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.57 kN. 

           -. phiPn =  phi*Pn  =      19141.71 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                248.65 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19141.71 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.56 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.56 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1617.96 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiMny            11938.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                172.73 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7304 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.136  +  0.028 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         32.12 kN. 

                 Vuy                32.12 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        347.52 kN. 

                 Vuz               347.52 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59580e+000,  Lz   = 1.59580e+000,  Lb   = 1.59580e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -248.48     -1148.48      -765.58      -196.26      -159.38 

           ------------------------------------------------------------------------------- 

            TOTAL            -248.48     -1148.48      -765.58      -196.26      -159.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      248.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0383 

              Pey    =  (Area*Fy)/Lambda^2       = 21500796.97 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.26 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0960 

              Pez    =  (Area*Fy)/Lambda^2       =  3415338.32 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -248.48           -1148.48            -196.26 

           ---------------------------------------------------------------- 

            TOTAL            -248.48           -1148.48            -196.26 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1148.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -196.26 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3415338.3152 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.596 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1997e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3415338.3152 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         160.24 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21257.83 kN. 

           -. phiPn =  phi*Pn  =      19132.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                248.48 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19132.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.56 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.56 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1148.48 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny            11936.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                196.26 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.096  +  0.032 ] 

                      =  0.135  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         38.99 kN. 

                 Vuy                38.99 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        349.29 kN. 

                 Vuz               349.29 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.26848e+000,  Lz   = 3.26848e+000,  Lb   = 3.26848e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -157.57      -605.47     -1303.35      -159.56      -392.24 

           ------------------------------------------------------------------------------- 

            TOTAL            -157.57      -605.47     -1303.35      -159.56      -392.24 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      157.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.93 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0784 

              Pey    =  (Area*Fy)/Lambda^2       =  5125306.79 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.87 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1966 

              Pez    =  (Area*Fy)/Lambda^2       =   814139.90 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -157.57           -1303.35            -392.24 

           ---------------------------------------------------------------- 

            TOTAL            -157.57           -1303.35            -392.24 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1303.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -392.24 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  814139.8982 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.268 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2436e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  814139.8982 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21081.17 kN. 

           -. phiPn =  phi*Pn  =      18973.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                157.57 

           -. -------  =  ---------------  =     8.31e-003  <  1.000  --->  O.K. 

               phiPn            18973.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.98 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7325 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1303.35 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny            11915.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.32 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.32 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                392.24 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMnz             6073.32 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.109  +  0.065 ] 

                      =  0.178  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        192.93 kN. 

                 Vuy               192.93 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        393.68 kN. 

                 Vuz               393.68 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.23531e+000,  Lz   = 3.23531e+000,  Lb   = 3.23531e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -864.36     -1497.15      -665.47      -111.59      -251.56 

           ------------------------------------------------------------------------------- 

            TOTAL            -864.36     -1497.15      -665.47      -111.59      -251.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      864.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  5230936.71 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1946 

              Pez    =  (Area*Fy)/Lambda^2       =   830918.90 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -864.36           -1497.15            -111.59 

           ---------------------------------------------------------------- 

            TOTAL            -864.36           -1497.15            -111.59 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1497.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -111.59 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  830918.8995 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.235 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.3516e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  830918.8995 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21085.83 kN. 

           -. phiPn =  phi*Pn  =      18977.25 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                864.36 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            18977.25 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11916.38 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11916.38 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1497.15 

           -. --------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiMny            11916.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.36 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                111.59 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6073.36 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.126  +  0.018 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        130.37 kN. 

                 Vuy               130.37 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        379.74 kN. 

                 Vuz               379.74 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59728e+000,  Lz   = 1.59728e+000,  Lb   = 1.59728e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -611.15      -779.09      -764.05      -236.55      -126.83 

           ------------------------------------------------------------------------------- 

            TOTAL            -611.15      -779.09      -764.05      -236.55      -126.83 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      611.15 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.90 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0383 

              Pey    =  (Area*Fy)/Lambda^2       = 21460960.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0961 

              Pez    =  (Area*Fy)/Lambda^2       =  3409010.44 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -611.15            -779.09            -236.55 

           ---------------------------------------------------------------- 

            TOTAL            -611.15            -779.09            -236.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -779.09 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -236.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3409010.4439 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.597 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1956e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3409010.4439 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         159.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21257.73 kN. 

           -. phiPn =  phi*Pn  =      19131.96 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                611.15 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19131.96 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                779.09 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMny            11936.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                236.55 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.065  +  0.039 ] 

                      =  0.120  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        100.88 kN. 

                 Vuy               100.88 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        339.36 kN. 

                 Vuz               339.36 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7350 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   4036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43454e+000,  Lz   = 1.43454e+000,  Lb   = 1.43454e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7351 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -398.25     -1004.35     -1406.07      -130.30      -119.59 

           ------------------------------------------------------------------------------- 

            TOTAL            -398.25     -1004.35     -1406.07      -130.30      -119.59 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      398.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26606506.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0863 

              Pez    =  (Area*Fy)/Lambda^2       =  4226365.28 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -398.25           -1406.07            -119.59 

           ---------------------------------------------------------------- 

            TOTAL            -398.25           -1406.07            -119.59 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1406.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -119.59 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7354 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4226365.2815 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.435 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7220e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4226365.2815 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.30 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.49 kN. 

           -. phiPn =  phi*Pn  =      19141.64 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                398.25 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19141.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1406.07 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                119.59 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.118  +  0.020 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         27.89 kN. 

                 Vuy                27.89 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        337.78 kN. 

                 Vuz               337.78 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43397e+000,  Lz   = 1.43397e+000,  Lb   = 1.43397e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -306.13     -1453.91     -1088.54      -202.09      -232.83 

           ------------------------------------------------------------------------------- 

            TOTAL            -306.13     -1453.91     -1088.54      -202.09      -232.83 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      306.13 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26627519.99 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0862 

              Pez    =  (Area*Fy)/Lambda^2       =  4229703.18 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -306.13           -1453.91            -202.09 

           ---------------------------------------------------------------- 

            TOTAL            -306.13           -1453.91            -202.09 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7364 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1453.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -202.09 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4229703.1784 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.434 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7242e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4229703.1784 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.45 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.52 kN. 

           -. phiPn =  phi*Pn  =      19141.67 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                306.13 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19141.67 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1453.91 

           -. --------  =  ---------------  =  0.122  <  1.000  --->  O.K. 

               phiMny            11938.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                202.09 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.122  +  0.033 ] 

                      =  0.163  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         35.93 kN. 

                 Vuy                35.93 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        314.88 kN. 

                 Vuz               314.88 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7372 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   4044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59763e+000,  Lz   = 1.59763e+000,  Lb   = 1.59763e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -323.28     -1064.52      -794.81      -226.50      -198.03 

           ------------------------------------------------------------------------------- 

            TOTAL            -323.28     -1064.52      -794.81      -226.50      -198.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      323.28 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.90 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0383 

              Pey    =  (Area*Fy)/Lambda^2       = 21451535.26 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0961 

              Pez    =  (Area*Fy)/Lambda^2       =  3407513.24 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -323.28           -1064.52            -226.50 

           ---------------------------------------------------------------- 

            TOTAL            -323.28           -1064.52            -226.50 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1064.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -226.50 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7377 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3407513.2382 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.598 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1947e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3407513.2382 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         159.88 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21257.70 kN. 

           -. phiPn =  phi*Pn  =      19131.93 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                323.28 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19131.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1064.52 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiMny            11936.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                226.50 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.089  +  0.037 ] 

                      =  0.135  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         66.32 kN. 

                 Vuy                66.32 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        301.24 kN. 

                 Vuz               301.24 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.23647e+000,  Lz   = 3.23647e+000,  Lb   = 3.23647e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -275.38      -666.16     -1404.00      -199.42      -396.88 

           ------------------------------------------------------------------------------- 

            TOTAL            -275.38      -666.16     -1404.00      -199.42      -396.88 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      275.38 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.87 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0776 

              Pey    =  (Area*Fy)/Lambda^2       =  5227186.81 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1947 

              Pez    =  (Area*Fy)/Lambda^2       =   830323.24 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -275.38           -1404.00            -396.88 

           ---------------------------------------------------------------- 

            TOTAL            -275.38           -1404.00            -396.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1404.00 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -396.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  830323.2403 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.236 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.3478e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  830323.2403 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.96 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21085.67 kN. 

           -. phiPn =  phi*Pn  =      18977.10 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                275.38 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            18977.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11916.37 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11916.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1404.00 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny            11916.37 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.36 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                396.88 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMnz             6073.36 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.118  +  0.065 ] 

                      =  0.190  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        225.39 kN. 

                 Vuy               225.39 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        348.59 kN. 

                 Vuz               348.59 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.26947e+000,  Lz   = 3.26947e+000,  Lb   = 3.26947e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -220.38     -1821.45      -854.40      -340.92      -229.21 

           ------------------------------------------------------------------------------- 

            TOTAL            -220.38     -1821.45      -854.40      -340.92      -229.21 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      220.38 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.93 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0784 

              Pey    =  (Area*Fy)/Lambda^2       =  5122186.38 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1966 

              Pez    =  (Area*Fy)/Lambda^2       =   813644.23 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -220.38           -1821.45            -340.92 

           ---------------------------------------------------------------- 

            TOTAL            -220.38           -1821.45            -340.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1821.45 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -340.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7399 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  813644.2299 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.269 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2404e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  813644.2299 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.18 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21081.03 kN. 

           -. phiPn =  phi*Pn  =      18972.92 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                220.38 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            18972.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.96 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.96 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1821.45 

           -. --------  =  ---------------  =  0.153  <  1.000  --->  O.K. 

               phiMny            11915.96 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.32 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.32 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                340.92 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             6073.32 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.153  +  0.056 ] 

                      =  0.215  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        226.59 kN. 

                 Vuy               226.59 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        366.71 kN. 

                 Vuz               366.71 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59739e+000,  Lz   = 1.59739e+000,  Lb   = 1.59739e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -143.48      -833.84     -1015.42      -178.59      -228.27 

           ------------------------------------------------------------------------------- 

            TOTAL            -143.48      -833.84     -1015.42      -178.59      -228.27 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      143.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.90 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0383 

              Pey    =  (Area*Fy)/Lambda^2       = 21458033.82 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0961 

              Pez    =  (Area*Fy)/Lambda^2       =  3408545.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -143.48           -1015.42            -228.27 

           ---------------------------------------------------------------- 

            TOTAL            -143.48           -1015.42            -228.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1015.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -228.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3408545.5149 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.597 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1953e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3408545.5149 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         159.92 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21257.72 kN. 

           -. phiPn =  phi*Pn  =      19131.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                143.48 

           -. -------  =  ---------------  =     7.50e-003  <  1.000  --->  O.K. 

               phiPn            19131.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1015.42 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiMny            11936.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                228.27 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.085  +  0.038 ] 

                      =  0.126  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         52.40 kN. 

                 Vuy                52.40 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        337.36 kN. 

                 Vuz               337.36 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43449e+000,  Lz   = 1.43449e+000,  Lb   = 1.43449e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -154.72     -1023.31     -1409.21      -225.87      -199.90 

           ------------------------------------------------------------------------------- 

            TOTAL            -154.72     -1023.31     -1409.21      -225.87      -199.90 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      154.72 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26608226.39 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0863 

              Pez    =  (Area*Fy)/Lambda^2       =  4226638.45 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -154.72           -1409.21            -199.90 

           ---------------------------------------------------------------- 

            TOTAL            -154.72           -1409.21            -199.90 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1409.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -199.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4226638.4457 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.434 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7222e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4226638.4457 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.31 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.49 kN. 

           -. phiPn =  phi*Pn  =      19141.64 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                154.72 

           -. -------  =  ---------------  =     8.08e-003  <  1.000  --->  O.K. 

               phiPn            19141.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.55 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1409.21 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny            11938.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                199.90 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.118  +  0.033 ] 

                      =  0.155  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         28.97 kN. 

                 Vuy                28.97 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        356.29 kN. 

                 Vuz               356.29 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43364e+000,  Lz   = 1.43364e+000,  Lb   = 1.43364e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       616.48             322.96             218.49 

           ---------------------------------------------------------------- 

            TOTAL             616.48             322.96             218.49 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      322.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      218.49 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                616.48 

           -. -------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.56 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.56 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                322.96 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMny            11938.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.65 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                218.49 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiMnz             6075.65 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.027  +  0.036 ] 

                      =  0.073  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         47.80 kN. 

                 Vuy                47.80 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         93.01 kN. 

                 Vuz                93.01 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.59767e+000,  Lz   = 1.59767e+000,  Lb   = 1.59767e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       720.48             293.19             354.31 

           ---------------------------------------------------------------- 

            TOTAL             720.48             293.19             354.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      293.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      354.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                720.48 

           -. -------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                293.19 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMny            11936.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.44 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                354.31 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             6075.44 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.025  +  0.058 ] 

                      =  0.095  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        101.96 kN. 

                 Vuy               101.96 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        107.09 kN. 

                 Vuz               107.09 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   4081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.26944e+000,  Lz   = 3.26944e+000,  Lb   = 3.26944e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       948.65             316.88             349.41 

           ---------------------------------------------------------------- 

            TOTAL             948.65             316.88             349.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      316.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      349.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    14.9  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                948.65 

           -. -------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.96 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.96 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                316.88 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMny            11915.96 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.32 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.32 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                349.41 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             6073.32 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.027  +  0.058 ] 

                      =  0.100  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        150.17 kN. 

                 Vuy               150.17 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        148.25 kN. 

                 Vuz               148.25 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   5001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.55111e+000,  Lz   = 1.55111e+000,  Lb   = 1.55111e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2187.25            1116.59              54.72 

           ---------------------------------------------------------------- 

            TOTAL            2187.25            1116.59              54.72 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1116.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       54.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2187.25 

           -. -------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.10 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.10 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1116.59 

           -. --------  =  ---------------  =  0.224  <  1.000  --->  O.K. 

               phiMny             4987.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.36 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7452 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 54.72 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6610.36 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.224  +  0.008 ] 

                      =  0.281  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         38.30 kN. 

                 Vuy                38.30 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        262.26 kN. 

                 Vuz               262.26 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.45967e+000,  Lz   = 1.45967e+000,  Lb   = 1.45967e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3758.03      -592.24      -748.69       -28.03       -19.44 

           ------------------------------------------------------------------------------- 

            TOTAL           -3758.03      -592.24      -748.69       -28.03       -19.44 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3758.03 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.82 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0769 

              Pey    =  (Area*Fy)/Lambda^2       =  4021722.28 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.92 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0518 

              Pez    =  (Area*Fy)/Lambda^2       =  8889106.79 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3758.03            -748.69             -19.44 

           ---------------------------------------------------------------- 

            TOTAL           -3758.03            -748.69             -19.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -748.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -19.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4021722.2774 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.460 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.5892e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4021722.2774 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         186.57 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21507.31 kN. 

           -. phiPn =  phi*Pn  =      19356.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3758.03 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19356.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.25 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.25 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                748.69 

           -. --------  =  ---------------  =  0.150  <  1.000  --->  O.K. 

               phiMny             4987.25 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 19.44 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             6610.76 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.097 + [  0.150  +  0.003 ] 

                      =  0.250  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         16.04 kN. 

                 Vuy                16.04 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        347.04 kN. 

                 Vuz               347.04 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.55097e+000,  Lz   = 1.55097e+000,  Lb   = 1.55097e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3760.96      -747.75     -1139.49       -19.50       -59.08 

           ------------------------------------------------------------------------------- 

            TOTAL           -3760.96      -747.75     -1139.49       -19.50       -59.08 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3760.96 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0818 

              Pey    =  (Area*Fy)/Lambda^2       =  3562189.35 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.16 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0550 

              Pez    =  (Area*Fy)/Lambda^2       =  7873413.28 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3760.96           -1139.49             -59.08 

           ---------------------------------------------------------------- 

            TOTAL           -3760.96           -1139.49             -59.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1139.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -59.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7471 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3562189.3531 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.551 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.0648e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3562189.3531 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         165.26 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21501.09 kN. 

           -. phiPn =  phi*Pn  =      19350.98 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3760.96 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            19350.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.10 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.10 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1139.49 

           -. --------  =  ---------------  =  0.228  <  1.000  --->  O.K. 

               phiMny             4987.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.36 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 59.08 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6610.36 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.097 + [  0.228  +  0.009 ] 

                      =  0.335  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         50.02 kN. 

                 Vuy                50.02 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        433.12 kN. 

                 Vuz               433.12 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50050e+000,  Lz   = 1.50050e+000,  Lb   = 1.50050e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4375.32     -1260.95      -689.60      -109.55       -10.23 

           ------------------------------------------------------------------------------- 

            TOTAL           -4375.32     -1260.95      -689.60      -109.55       -10.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4375.32 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0791 

              Pey    =  (Area*Fy)/Lambda^2       =  3805865.06 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8412003.28 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4375.32           -1260.95            -109.55 

           ---------------------------------------------------------------- 

            TOTAL           -4375.32           -1260.95            -109.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1260.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -109.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3805865.0631 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.500 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3429e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3805865.0631 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.56 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.57 kN. 

           -. phiPn =  phi*Pn  =      19354.12 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4375.32 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19354.12 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1260.95 

           -. --------  =  ---------------  =  0.253  <  1.000  --->  O.K. 

               phiMny             4987.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                109.55 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.226 + (8/9)*[  0.253  +  0.017 ] 

                      =  0.466  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        121.76 kN. 

                 Vuy               121.76 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        433.62 kN. 

                 Vuz               433.62 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5005,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37529e+000,  Lz   = 1.37529e+000,  Lb   = 1.37529e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4377.13      -688.96      -435.14       -10.47       -62.60 

           ------------------------------------------------------------------------------- 

            TOTAL           -4377.13      -688.96      -435.14       -10.47       -62.60 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4377.13 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4530408.76 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       = 10013443.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4377.13            -688.96             -10.47 

           ---------------------------------------------------------------- 

            TOTAL           -4377.13            -688.96             -10.47 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -688.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -10.47 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7493 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4530408.7569 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.375 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1697e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4530408.7569 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         210.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.73 kN. 

           -. phiPn =  phi*Pn  =      19361.46 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4377.13 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19361.46 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                688.96 

           -. --------  =  ---------------  =  0.138  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 10.47 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.226 + (8/9)*[  0.138  +  0.002 ] 

                      =  0.350  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         91.67 kN. 

                 Vuy                91.67 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        348.30 kN. 

                 Vuz               348.30 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5006,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37558e+000,  Lz   = 1.37558e+000,  Lb   = 1.37558e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4379.06      -434.91      -477.25       -62.70       -87.59 

           ------------------------------------------------------------------------------- 

            TOTAL           -4379.06      -434.91      -477.25       -62.70       -87.59 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4379.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4528481.40 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       = 10009183.13 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4379.06            -477.25             -87.59 

           ---------------------------------------------------------------- 

            TOTAL           -4379.06            -477.25             -87.59 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -477.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -87.59 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4528481.4012 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1675e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4528481.4012 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         210.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.71 kN. 

           -. phiPn =  phi*Pn  =      19361.44 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4379.06 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19361.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                477.25 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 87.59 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.226 + (8/9)*[  0.096  +  0.013 ] 

                      =  0.323  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         53.26 kN. 

                 Vuy                53.26 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        267.08 kN. 

                 Vuz               267.08 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz             5326.62 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7510 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   5007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37592e+000,  Lz   = 1.37592e+000,  Lb   = 1.37592e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4380.55      -477.00      -599.49       -87.68       -72.93 

           ------------------------------------------------------------------------------- 

            TOTAL           -4380.55      -477.00      -599.49       -87.68       -72.93 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4380.55 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4526208.99 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       = 10004160.49 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4380.55            -599.49             -72.93 

           ---------------------------------------------------------------- 

            TOTAL           -4380.55            -599.49             -72.93 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7513 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -599.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -72.93 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7514 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4526208.9906 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1649e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4526208.9906 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.69 kN. 

           -. phiPn =  phi*Pn  =      19361.42 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4380.55 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19361.42 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                599.49 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 72.93 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.226 + (8/9)*[  0.120  +  0.011 ] 

                      =  0.343  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         40.73 kN. 

                 Vuy                40.73 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        229.36 kN. 

                 Vuz               229.36 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37446e+000,  Lz   = 1.37446e+000,  Lb   = 1.37446e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4381.94      -599.15      -792.20       -72.90       -38.30 

           ------------------------------------------------------------------------------- 

            TOTAL           -4381.94      -599.15      -792.20       -72.90       -38.30 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4381.94 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4535845.30 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0487 

              Pez    =  (Area*Fy)/Lambda^2       = 10025459.37 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4381.94            -792.20             -38.30 

           ---------------------------------------------------------------- 

            TOTAL           -4381.94            -792.20             -38.30 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -792.20 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -38.30 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4535845.3040 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.374 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1759e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4535845.3040 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         210.43 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.78 kN. 

           -. phiPn =  phi*Pn  =      19361.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4381.94 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19361.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.40 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                792.20 

           -. --------  =  ---------------  =  0.159  <  1.000  --->  O.K. 

               phiMny             4987.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 38.30 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.226 + (8/9)*[  0.159  +  0.006 ] 

                      =  0.373  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        105.29 kN. 

                 Vuy               105.29 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        313.05 kN. 

                 Vuz               313.05 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50066e+000,  Lz   = 1.50066e+000,  Lb   = 1.50066e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4383.42      -791.72     -1249.09       -38.32       -85.91 

           ------------------------------------------------------------------------------- 

            TOTAL           -4383.42      -791.72     -1249.09       -38.32       -85.91 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4383.42 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0791 

              Pey    =  (Area*Fy)/Lambda^2       =  3805053.86 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8410210.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4383.42           -1249.09             -85.91 

           ---------------------------------------------------------------- 

            TOTAL           -4383.42           -1249.09             -85.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1249.09 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -85.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3805053.8566 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.501 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3420e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3805053.8566 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.56 kN. 

           -. phiPn =  phi*Pn  =      19354.11 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4383.42 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19354.11 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1249.09 

           -. --------  =  ---------------  =  0.250  <  1.000  --->  O.K. 

               phiMny             4987.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 85.91 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             6610.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.226 + (8/9)*[  0.250  +  0.013 ] 

                      =  0.461  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        187.02 kN. 

                 Vuy               187.02 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        400.83 kN. 

                 Vuz               400.83 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50165e+000,  Lz   = 1.50165e+000,  Lb   = 1.50165e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4256.93     -1449.16      -868.11      -177.91       -40.72 

           ------------------------------------------------------------------------------- 

            TOTAL           -4256.93     -1449.16      -868.11      -177.91       -40.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4256.93 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3800030.40 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8399107.08 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4256.93           -1449.16            -177.91 

           ---------------------------------------------------------------- 

            TOTAL           -4256.93           -1449.16            -177.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1449.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -177.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3800030.3991 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3362e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3800030.3991 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.50 kN. 

           -. phiPn =  phi*Pn  =      19354.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4256.93 

           -. -------  =  ---------------  =          0.22  <  1.000  --->  O.K. 

               phiPn            19354.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1449.16 

           -. --------  =  ---------------  =  0.291  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                177.91 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.220 + (8/9)*[  0.291  +  0.027 ] 

                      =  0.502  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        500.45 kN. 

                 Vuy               500.45 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        395.82 kN. 

                 Vuz               395.82 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiVnz             5326.62 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7554 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   5023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37670e+000,  Lz   = 1.37670e+000,  Lb   = 1.37670e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4259.33      -866.75      -572.22       -40.65      -107.25 

           ------------------------------------------------------------------------------- 

            TOTAL           -4259.33      -866.75      -572.22       -40.65      -107.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4259.33 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4521141.37 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9992959.66 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4259.33            -866.75             -40.65 

           ---------------------------------------------------------------- 

            TOTAL           -4259.33            -866.75             -40.65 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -866.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -40.65 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4521141.3701 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.377 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1591e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7561 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4521141.3701 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.74 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.64 kN. 

           -. phiPn =  phi*Pn  =      19361.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4259.33 

           -. -------  =  ---------------  =          0.22  <  1.000  --->  O.K. 

               phiPn            19361.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                866.75 

           -. --------  =  ---------------  =  0.174  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 40.65 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.220 + (8/9)*[  0.174  +  0.006 ] 

                      =  0.380  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        247.20 kN. 

                 Vuy               247.20 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        290.10 kN. 

                 Vuz               290.10 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37648e+000,  Lz   = 1.37648e+000,  Lb   = 1.37648e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4261.40      -571.77      -432.89      -107.48      -128.05 

           ------------------------------------------------------------------------------- 

            TOTAL           -4261.40      -571.77      -432.89      -107.48      -128.05 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4261.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4522542.07 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9996055.59 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4261.40            -571.77            -107.48 

           ---------------------------------------------------------------- 

            TOTAL           -4261.40            -571.77            -107.48 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -571.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -107.48 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4522542.0691 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1607e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4522542.0691 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.81 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.65 kN. 

           -. phiPn =  phi*Pn  =      19361.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4261.40 

           -. -------  =  ---------------  =          0.22  <  1.000  --->  O.K. 

               phiPn            19361.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                571.77 

           -. --------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                107.48 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.220 + (8/9)*[  0.115  +  0.016 ] 

                      =  0.336  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         27.01 kN. 

                 Vuy                27.01 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        188.72 kN. 

                 Vuz               188.72 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5025,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37730e+000,  Lz   = 1.37730e+000,  Lb   = 1.37730e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3375.52            1175.64             109.13 

           ---------------------------------------------------------------- 

            TOTAL            3375.52            1175.64             109.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1175.64 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      109.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3375.52 

           -. -------  =  ---------------  =  0.149  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1175.64 

           -. --------  =  ---------------  =  0.236  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7580 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                109.13 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.236  +  0.017 ] 

                      =  0.327  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        123.78 kN. 

                 Vuy               123.78 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         87.82 kN. 

                 Vuz                87.82 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5026,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37616e+000,  Lz   = 1.37616e+000,  Lb   = 1.37616e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3370.30            1173.91              71.59 

           ---------------------------------------------------------------- 

            TOTAL            3370.30            1173.91              71.59 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1173.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       71.59 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3370.30 

           -. -------  =  ---------------  =  0.149  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1173.91 

           -. --------  =  ---------------  =  0.235  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 71.59 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.074 + [  0.235  +  0.011 ] 

                      =  0.321  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        192.48 kN. 

                 Vuy               192.48 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        121.37 kN. 

                 Vuz               121.37 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5027,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50180e+000,  Lz   = 1.50180e+000,  Lb   = 1.50180e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4266.66      -343.50      -485.12       -22.05      -148.48 

           ------------------------------------------------------------------------------- 

            TOTAL           -4266.66      -343.50      -485.12       -22.05      -148.48 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4266.66 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3799263.79 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8397412.66 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4266.66            -485.12            -148.48 

           ---------------------------------------------------------------- 

            TOTAL           -4266.66            -485.12            -148.48 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7593 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -485.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -148.48 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7594 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7596 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3799263.7901 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3353e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3799263.7901 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.25 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.49 kN. 

           -. phiPn =  phi*Pn  =      19354.04 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4266.66 

           -. -------  =  ---------------  =          0.22  <  1.000  --->  O.K. 

               phiPn            19354.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                485.12 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                148.48 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.220 + (8/9)*[  0.097  +  0.022 ] 

                      =  0.327  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7600 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        199.66 kN. 

                 Vuy               199.66 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        227.23 kN. 

                 Vuz               227.23 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5028,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50270e+000,  Lz   = 1.50270e+000,  Lb   = 1.50270e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4249.12      -495.39      -347.23      -160.63       -24.02 

           ------------------------------------------------------------------------------- 

            TOTAL           -4249.12      -495.39      -347.23      -160.63       -24.02 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4249.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3794712.64 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0533 

              Pez    =  (Area*Fy)/Lambda^2       =  8387353.36 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4249.12            -495.39            -160.63 

           ---------------------------------------------------------------- 

            TOTAL           -4249.12            -495.39            -160.63 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -495.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -160.63 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3794712.6352 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.503 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3302e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3794712.6352 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.43 kN. 

           -. phiPn =  phi*Pn  =      19353.98 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4249.12 

           -. -------  =  ---------------  =          0.22  <  1.000  --->  O.K. 

               phiPn            19353.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                495.39 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                160.63 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.220 + (8/9)*[  0.099  +  0.024 ] 

                      =  0.329  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        216.21 kN. 

                 Vuy               216.21 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        229.59 kN. 

                 Vuz               229.59 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5029,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37593e+000,  Lz   = 1.37593e+000,  Lb   = 1.37593e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3384.59            1174.81              69.89 

           ---------------------------------------------------------------- 

            TOTAL            3384.59            1174.81              69.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1174.81 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       69.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3384.59 

           -. -------  =  ---------------  =  0.150  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1174.81 

           -. --------  =  ---------------  =  0.236  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.13 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.13 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.13 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 69.89 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6611.13 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.236  +  0.011 ] 

                      =  0.321  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        201.26 kN. 

                 Vuy               201.26 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        123.68 kN. 

                 Vuz               123.68 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37722e+000,  Lz   = 1.37722e+000,  Lb   = 1.37722e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3379.66            1185.78             110.85 

           ---------------------------------------------------------------- 

            TOTAL            3379.66            1185.78             110.85 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1185.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      110.85 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3379.66 

           -. -------  =  ---------------  =  0.149  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1185.78 

           -. --------  =  ---------------  =  0.238  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7623 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                110.85 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.238  +  0.017 ] 

                      =  0.329  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        131.79 kN. 

                 Vuy               131.79 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         83.31 kN. 

                 Vuz                83.31 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37637e+000,  Lz   = 1.37637e+000,  Lb   = 1.37637e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4255.69      -428.65      -562.71      -129.22      -111.42 

           ------------------------------------------------------------------------------- 

            TOTAL           -4255.69      -428.65      -562.71      -129.22      -111.42 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4255.69 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4523263.04 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9997649.13 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4255.69            -562.71            -111.42 

           ---------------------------------------------------------------- 

            TOTAL           -4255.69            -562.71            -111.42 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -562.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -111.42 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4523263.0395 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1615e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4523263.0395 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.84 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.66 kN. 

           -. phiPn =  phi*Pn  =      19361.40 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4255.69 

           -. -------  =  ---------------  =          0.22  <  1.000  --->  O.K. 

               phiPn            19361.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                562.71 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                111.42 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.220 + (8/9)*[  0.113  +  0.017 ] 

                      =  0.335  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         41.63 kN. 

                 Vuy                41.63 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        184.43 kN. 

                 Vuz               184.43 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37669e+000,  Lz   = 1.37669e+000,  Lb   = 1.37669e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4257.33      -562.27      -847.52      -111.66       -41.21 

           ------------------------------------------------------------------------------- 

            TOTAL           -4257.33      -562.27      -847.52      -111.66       -41.21 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4257.33 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4521146.14 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9992970.20 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4257.33            -847.52             -41.21 

           ---------------------------------------------------------------- 

            TOTAL           -4257.33            -847.52             -41.21 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -847.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -41.21 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4521146.1411 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.377 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1591e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4521146.1411 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.74 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.64 kN. 

           -. phiPn =  phi*Pn  =      19361.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4257.33 

           -. -------  =  ---------------  =          0.22  <  1.000  --->  O.K. 

               phiPn            19361.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                847.52 

           -. --------  =  ---------------  =  0.170  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 41.21 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.220 + (8/9)*[  0.170  +  0.006 ] 

                      =  0.376  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        204.52 kN. 

                 Vuy               204.52 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        285.83 kN. 

                 Vuz               285.83 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50240e+000,  Lz   = 1.50240e+000,  Lb   = 1.50240e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4259.02      -845.97     -1422.99       -41.44      -147.03 

           ------------------------------------------------------------------------------- 

            TOTAL           -4259.02      -845.97     -1422.99       -41.44      -147.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4259.02 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3796245.85 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0533 

              Pez    =  (Area*Fy)/Lambda^2       =  8390742.20 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4259.02           -1422.99            -147.03 

           ---------------------------------------------------------------- 

            TOTAL           -4259.02           -1422.99            -147.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1422.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -147.03 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3796245.8537 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3319e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3796245.8537 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.11 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.45 kN. 

           -. phiPn =  phi*Pn  =      19354.00 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4259.02 

           -. -------  =  ---------------  =          0.22  <  1.000  --->  O.K. 

               phiPn            19354.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1422.99 

           -. --------  =  ---------------  =  0.285  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                147.03 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.220 + (8/9)*[  0.285  +  0.022 ] 

                      =  0.493  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        424.36 kN. 

                 Vuy               424.36 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        391.42 kN. 

                 Vuz               391.42 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50196e+000,  Lz   = 1.50196e+000,  Lb   = 1.50196e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4367.35     -1412.04      -837.75      -142.08       -35.28 

           ------------------------------------------------------------------------------- 

            TOTAL           -4367.35     -1412.04      -837.75      -142.08       -35.28 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4367.35 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3798472.23 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0533 

              Pez    =  (Area*Fy)/Lambda^2       =  8395663.10 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4367.35           -1412.04            -142.08 

           ---------------------------------------------------------------- 

            TOTAL           -4367.35           -1412.04            -142.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1412.04 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -142.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3798472.2330 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3344e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3798472.2330 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.48 kN. 

           -. phiPn =  phi*Pn  =      19354.03 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4367.35 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19354.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1412.04 

           -. --------  =  ---------------  =  0.283  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                142.08 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.226 + (8/9)*[  0.283  +  0.021 ] 

                      =  0.496  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        755.70 kN. 

                 Vuy               755.70 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        387.69 kN. 

                 Vuz               387.69 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37708e+000,  Lz   = 1.37708e+000,  Lb   = 1.37708e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4369.66      -836.30      -558.60       -35.26      -110.03 

           ------------------------------------------------------------------------------- 

            TOTAL           -4369.66      -836.30      -558.60       -35.26      -110.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4369.66 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4518630.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9987410.78 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4369.66            -836.30             -35.26 

           ---------------------------------------------------------------- 

            TOTAL           -4369.66            -836.30             -35.26 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -836.30 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -35.26 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4518630.8753 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.377 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1562e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4518630.8753 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.63 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.62 kN. 

           -. phiPn =  phi*Pn  =      19361.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4369.66 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19361.36 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                836.30 

           -. --------  =  ---------------  =  0.168  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 35.26 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7679 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.226 + (8/9)*[  0.168  +  0.005 ] 

                      =  0.379  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        379.97 kN. 

                 Vuy               379.97 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        283.69 kN. 

                 Vuz               283.69 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37662e+000,  Lz   = 1.37662e+000,  Lb   = 1.37662e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3378.38            1254.88             118.84 

           ---------------------------------------------------------------- 

            TOTAL            3378.38            1254.88             118.84 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1254.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      118.84 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3378.38 

           -. -------  =  ---------------  =  0.149  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7684 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1254.88 

           -. --------  =  ---------------  =  0.252  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                118.84 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.252  +  0.018 ] 

                      =  0.344  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         27.48 kN. 

                 Vuy                27.48 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        180.16 kN. 

                 Vuz               180.16 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37618e+000,  Lz   = 1.37618e+000,  Lb   = 1.37618e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3373.55            1272.60              98.41 

           ---------------------------------------------------------------- 

            TOTAL            3373.55            1272.60              98.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1272.60 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       98.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3373.55 

           -. -------  =  ---------------  =  0.149  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1272.60 

           -. --------  =  ---------------  =  0.255  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 98.41 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.255  +  0.015 ] 

                      =  0.345  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        220.32 kN. 

                 Vuy               220.32 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =         96.64 kN. 

                 Vuz                96.64 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37681e+000,  Lz   = 1.37681e+000,  Lb   = 1.37681e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7696 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3368.58            1288.18              77.88 

           ---------------------------------------------------------------- 

            TOTAL            3368.58            1288.18              77.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1288.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       77.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3368.58 

           -. -------  =  ---------------  =  0.149  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1288.18 

           -. --------  =  ---------------  =  0.258  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 77.88 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.074 + [  0.258  +  0.012 ] 

                      =  0.345  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        323.18 kN. 

                 Vuy               323.18 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =         98.48 kN. 

                 Vuz                98.48 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50199e+000,  Lz   = 1.50199e+000,  Lb   = 1.50199e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4377.02      -376.32      -434.24       -15.18      -135.38 

           ------------------------------------------------------------------------------- 

            TOTAL           -4377.02      -376.32      -434.24       -15.18      -135.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4377.02 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3798325.75 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0533 

              Pez    =  (Area*Fy)/Lambda^2       =  8395339.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4377.02            -434.24            -135.38 

           ---------------------------------------------------------------- 

            TOTAL           -4377.02            -434.24            -135.38 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -434.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -135.38 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3798325.7469 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3343e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3798325.7469 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.21 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.47 kN. 

           -. phiPn =  phi*Pn  =      19354.03 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4377.02 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19354.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                434.24 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                135.38 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.226 + (8/9)*[  0.087  +  0.020 ] 

                      =  0.322  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        309.79 kN. 

                 Vuy               309.79 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        197.02 kN. 

                 Vuz               197.02 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50196e+000,  Lz   = 1.50196e+000,  Lb   = 1.50196e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -5128.26      -463.84      -343.81      -118.69       -20.90 

           ------------------------------------------------------------------------------- 

            TOTAL           -5128.26      -463.84      -343.81      -118.69       -20.90 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     5128.26 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3798468.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0533 

              Pez    =  (Area*Fy)/Lambda^2       =  8395655.66 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -5128.26            -463.84            -118.69 

           ---------------------------------------------------------------- 

            TOTAL           -5128.26            -463.84            -118.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -463.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -118.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7718 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3798468.8654 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3344e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3798468.8654 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.48 kN. 

           -. phiPn =  phi*Pn  =      19354.03 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               5128.26 

           -. -------  =  ---------------  =          0.26  <  1.000  --->  O.K. 

               phiPn            19354.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                463.84 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                118.69 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.265 + (8/9)*[  0.093  +  0.018 ] 

                      =  0.364  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        114.14 kN. 

                 Vuy               114.14 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        300.98 kN. 

                 Vuz               300.98 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37724e+000,  Lz   = 1.37724e+000,  Lb   = 1.37724e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -5133.18      -343.21      -467.66       -20.77       -58.13 

           ------------------------------------------------------------------------------- 

            TOTAL           -5133.18      -343.21      -467.66       -20.77       -58.13 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     5133.18 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4517568.39 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9985062.40 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -5133.18            -467.66             -58.13 

           ---------------------------------------------------------------- 

            TOTAL           -5133.18            -467.66             -58.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -467.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -58.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4517568.3911 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.377 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1550e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4517568.3911 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.58 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.61 kN. 

           -. phiPn =  phi*Pn  =      19361.35 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               5133.18 

           -. -------  =  ---------------  =          0.27  <  1.000  --->  O.K. 

               phiPn            19361.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                467.66 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 58.13 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.265 + (8/9)*[  0.094  +  0.009 ] 

                      =  0.356  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         97.42 kN. 

                 Vuy                97.42 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        355.49 kN. 

                 Vuz               355.49 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37628e+000,  Lz   = 1.37628e+000,  Lb   = 1.37628e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -5137.38      -467.14      -704.27       -58.27       -70.67 

           ------------------------------------------------------------------------------- 

            TOTAL           -5137.38      -467.14      -704.27       -58.27       -70.67 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     5137.38 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4523886.31 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9999026.74 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -5137.38            -704.27             -70.67 

           ---------------------------------------------------------------- 

            TOTAL           -5137.38            -704.27             -70.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -704.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -70.67 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4523886.3150 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1622e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4523886.3150 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.87 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.67 kN. 

           -. phiPn =  phi*Pn  =      19361.40 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               5137.38 

           -. -------  =  ---------------  =          0.27  <  1.000  --->  O.K. 

               phiPn            19361.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                704.27 

           -. --------  =  ---------------  =  0.141  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 70.67 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.265 + (8/9)*[  0.141  +  0.011 ] 

                      =  0.400  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         37.18 kN. 

                 Vuy                37.18 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        433.94 kN. 

                 Vuz               433.94 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37718e+000,  Lz   = 1.37718e+000,  Lb   = 1.37718e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -5141.34      -703.47     -1189.17       -70.93       -53.13 

           ------------------------------------------------------------------------------- 

            TOTAL           -5141.34      -703.47     -1189.17       -70.93       -53.13 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     5141.34 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4517939.97 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9985883.68 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -5141.34           -1189.17             -53.13 

           ---------------------------------------------------------------- 

            TOTAL           -5141.34           -1189.17             -53.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1189.17 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -53.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4517939.9655 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.377 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1554e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4517939.9655 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.59 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.61 kN. 

           -. phiPn =  phi*Pn  =      19361.35 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               5141.34 

           -. -------  =  ---------------  =          0.27  <  1.000  --->  O.K. 

               phiPn            19361.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1189.17 

           -. --------  =  ---------------  =  0.238  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 53.13 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.266 + (8/9)*[  0.238  +  0.008 ] 

                      =  0.485  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         34.61 kN. 

                 Vuy                34.61 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        511.30 kN. 

                 Vuz               511.30 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37622e+000,  Lz   = 1.37622e+000,  Lb   = 1.37622e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4618.80     -1119.65      -820.81       -81.66       -19.33 

           ------------------------------------------------------------------------------- 

            TOTAL           -4618.80     -1119.65      -820.81       -81.66       -19.33 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4618.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0725 

              Pey    =  (Area*Fy)/Lambda^2       =  4524249.37 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9999829.20 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4618.80           -1119.65             -81.66 

           ---------------------------------------------------------------- 

            TOTAL           -4618.80           -1119.65             -81.66 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1119.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -81.66 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7762 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4524249.3745 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1626e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4524249.3745 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.89 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.67 kN. 

           -. phiPn =  phi*Pn  =      19361.40 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4618.80 

           -. -------  =  ---------------  =          0.24  <  1.000  --->  O.K. 

               phiPn            19361.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1119.65 

           -. --------  =  ---------------  =  0.224  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 81.66 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.239 + (8/9)*[  0.224  +  0.012 ] 

                      =  0.449  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        115.99 kN. 

                 Vuy               115.99 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        497.53 kN. 

                 Vuz               497.53 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50159e+000,  Lz   = 1.50159e+000,  Lb   = 1.50159e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4620.57      -819.37      -938.98       -19.09      -119.24 

           ------------------------------------------------------------------------------- 

            TOTAL           -4620.57      -819.37      -938.98       -19.09      -119.24 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4620.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3800305.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8399714.25 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4620.57            -938.98            -119.24 

           ---------------------------------------------------------------- 

            TOTAL           -4620.57            -938.98            -119.24 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -938.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -119.24 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3800305.1058 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3365e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3800305.1058 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.30 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.50 kN. 

           -. phiPn =  phi*Pn  =      19354.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4620.57 

           -. -------  =  ---------------  =          0.24  <  1.000  --->  O.K. 

               phiPn            19354.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                938.98 

           -. --------  =  ---------------  =  0.188  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                119.24 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.239 + (8/9)*[  0.188  +  0.018 ] 

                      =  0.422  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         83.37 kN. 

                 Vuy                83.37 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        488.09 kN. 

                 Vuz               488.09 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50196e+000,  Lz   = 1.50196e+000,  Lb   = 1.50196e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4545.27      -879.51      -809.30      -122.08       -19.12 

           ------------------------------------------------------------------------------- 

            TOTAL           -4545.27      -879.51      -809.30      -122.08       -19.12 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4545.27 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3798482.34 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0533 

              Pez    =  (Area*Fy)/Lambda^2       =  8395685.43 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4545.27            -879.51            -122.08 

           ---------------------------------------------------------------- 

            TOTAL           -4545.27            -879.51            -122.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -879.51 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -122.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3798482.3359 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3345e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3798482.3359 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.48 kN. 

           -. phiPn =  phi*Pn  =      19354.03 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4545.27 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19354.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                879.51 

           -. --------  =  ---------------  =  0.176  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                122.08 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.235 + (8/9)*[  0.176  +  0.018 ] 

                      =  0.408  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         87.43 kN. 

                 Vuy                87.43 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        532.60 kN. 

                 Vuz               532.60 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37723e+000,  Lz   = 1.37723e+000,  Lb   = 1.37723e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7791 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4547.86      -807.94      -905.89       -18.99       -79.33 

           ------------------------------------------------------------------------------- 

            TOTAL           -4547.86      -807.94      -905.89       -18.99       -79.33 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4547.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4517651.75 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9985246.65 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4547.86            -905.89             -79.33 

           ---------------------------------------------------------------- 

            TOTAL           -4547.86            -905.89             -79.33 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -905.89 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -79.33 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4517651.7518 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.377 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1551e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4517651.7518 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.58 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.61 kN. 

           -. phiPn =  phi*Pn  =      19361.35 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4547.86 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19361.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                905.89 

           -. --------  =  ---------------  =  0.182  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 79.33 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.235 + (8/9)*[  0.182  +  0.012 ] 

                      =  0.407  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7800 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        115.09 kN. 

                 Vuy               115.09 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        521.29 kN. 

                 Vuz               521.29 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37649e+000,  Lz   = 1.37649e+000,  Lb   = 1.37649e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4889.45     -1027.47      -589.28       -49.91       -69.99 

           ------------------------------------------------------------------------------- 

            TOTAL           -4889.45     -1027.47      -589.28       -49.91       -69.99 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4889.45 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4522508.65 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9995981.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4889.45           -1027.47             -49.91 

           ---------------------------------------------------------------- 

            TOTAL           -4889.45           -1027.47             -49.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1027.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -49.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4522508.6522 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1606e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4522508.6522 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.81 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.65 kN. 

           -. phiPn =  phi*Pn  =      19361.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4889.45 

           -. -------  =  ---------------  =          0.25  <  1.000  --->  O.K. 

               phiPn            19361.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1027.47 

           -. --------  =  ---------------  =  0.206  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 49.91 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.253 + (8/9)*[  0.206  +  0.008 ] 

                      =  0.442  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         30.70 kN. 

                 Vuy                30.70 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        550.87 kN. 

                 Vuz               550.87 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37704e+000,  Lz   = 1.37704e+000,  Lb   = 1.37704e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4892.42      -588.61      -439.33       -70.24       -51.41 

           ------------------------------------------------------------------------------- 

            TOTAL           -4892.42      -588.61      -439.33       -70.24       -51.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4892.42 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4518857.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9987911.13 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4892.42            -588.61             -70.24 

           ---------------------------------------------------------------- 

            TOTAL           -4892.42            -588.61             -70.24 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -588.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -70.24 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7817 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4518857.2537 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.377 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1565e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7819 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4518857.2537 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.64 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.62 kN. 

           -. phiPn =  phi*Pn  =      19361.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4892.42 

           -. -------  =  ---------------  =          0.25  <  1.000  --->  O.K. 

               phiPn            19361.36 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                588.61 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 70.24 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.253 + (8/9)*[  0.118  +  0.011 ] 

                      =  0.367  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         44.23 kN. 

                 Vuy                44.23 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        468.08 kN. 

                 Vuz               468.08 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37649e+000,  Lz   = 1.37649e+000,  Lb   = 1.37649e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4895.00      -438.95      -398.24       -51.45       -19.45 

           ------------------------------------------------------------------------------- 

            TOTAL           -4895.00      -438.95      -398.24       -51.45       -19.45 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4895.00 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4522501.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9995965.90 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4895.00            -438.95             -51.45 

           ---------------------------------------------------------------- 

            TOTAL           -4895.00            -438.95             -51.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -438.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -51.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4522501.4915 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.376 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1606e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4522501.4915 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.81 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.65 kN. 

           -. phiPn =  phi*Pn  =      19361.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4895.00 

           -. -------  =  ---------------  =          0.25  <  1.000  --->  O.K. 

               phiPn            19361.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                438.95 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 51.45 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.253 + (8/9)*[  0.088  +  0.008 ] 

                      =  0.338  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        106.25 kN. 

                 Vuy               106.25 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        385.45 kN. 

                 Vuz               385.45 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50202e+000,  Lz   = 1.50202e+000,  Lb   = 1.50202e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4898.69      -397.81      -503.90       -19.21      -121.90 

           ------------------------------------------------------------------------------- 

            TOTAL           -4898.69      -397.81      -503.90       -19.21      -121.90 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7836 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4898.69 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3798177.59 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0533 

              Pez    =  (Area*Fy)/Lambda^2       =  8395011.86 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4898.69            -503.90            -121.90 

           ---------------------------------------------------------------- 

            TOTAL           -4898.69            -503.90            -121.90 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -503.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -121.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3798177.5885 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3341e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3798177.5885 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.47 kN. 

           -. phiPn =  phi*Pn  =      19354.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4898.69 

           -. -------  =  ---------------  =          0.25  <  1.000  --->  O.K. 

               phiPn            19354.02 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                503.90 

           -. --------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                121.90 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.253 + (8/9)*[  0.101  +  0.018 ] 

                      =  0.359  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        135.98 kN. 

                 Vuy               135.98 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        347.09 kN. 

                 Vuz               347.09 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50205e+000,  Lz   = 1.50205e+000,  Lb   = 1.50205e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4482.52      -361.43      -318.56      -136.29       -14.45 

           ------------------------------------------------------------------------------- 

            TOTAL           -4482.52      -361.43      -318.56      -136.29       -14.45 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4482.52 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0792 

              Pey    =  (Area*Fy)/Lambda^2       =  3797995.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0533 

              Pez    =  (Area*Fy)/Lambda^2       =  8394610.00 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4482.52            -361.43            -136.29 

           ---------------------------------------------------------------- 

            TOTAL           -4482.52            -361.43            -136.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -361.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -136.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3797995.7736 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.502 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3339e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3797995.7736 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.47 kN. 

           -. phiPn =  phi*Pn  =      19354.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4482.52 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19354.02 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                361.43 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                136.29 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.232 + (8/9)*[  0.072  +  0.021 ] 

                      =  0.314  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        315.65 kN. 

                 Vuy               315.65 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        193.86 kN. 

                 Vuz               193.86 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37673e+000,  Lz   = 1.37673e+000,  Lb   = 1.37673e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3392.30            1186.85              72.33 

           ---------------------------------------------------------------- 

            TOTAL            3392.30            1186.85              72.33 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7858 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1186.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       72.33 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3392.30 

           -. -------  =  ---------------  =  0.150  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1186.85 

           -. --------  =  ---------------  =  0.238  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 72.33 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.238  +  0.011 ] 

                      =  0.324  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        316.06 kN. 

                 Vuy               316.06 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         88.86 kN. 

                 Vuz                88.86 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37672e+000,  Lz   = 1.37672e+000,  Lb   = 1.37672e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      3387.87            1188.36              72.74 

           ---------------------------------------------------------------- 

            TOTAL            3387.87            1188.36              72.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1188.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       72.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3387.87 

           -. -------  =  ---------------  =  0.150  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1188.36 

           -. --------  =  ---------------  =  0.238  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 72.74 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.238  +  0.011 ] 

                      =  0.324  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        217.19 kN. 

                 Vuy               217.19 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         88.78 kN. 

                 Vuz                88.78 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37651e+000,  Lz   = 1.37651e+000,  Lb   = 1.37651e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4489.07      -409.00      -536.57      -134.01      -106.70 

           ------------------------------------------------------------------------------- 

            TOTAL           -4489.07      -409.00      -536.57      -134.01      -106.70 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4489.07 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4522343.96 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9995617.71 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4489.07            -536.57            -106.70 

           ---------------------------------------------------------------- 

            TOTAL           -4489.07            -536.57            -106.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -536.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -106.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4522343.9619 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.377 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1605e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4522343.9619 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.80 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.65 kN. 

           -. phiPn =  phi*Pn  =      19361.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4489.07 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19361.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7878 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                536.57 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                106.70 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.232 + (8/9)*[  0.108  +  0.016 ] 

                      =  0.342  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         25.25 kN. 

                 Vuy                25.25 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        192.29 kN. 

                 Vuz               192.29 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.37652e+000,  Lz   = 1.37652e+000,  Lb   = 1.37652e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4490.69      -536.09      -835.29      -107.03       -32.03 

           ------------------------------------------------------------------------------- 

            TOTAL           -4490.69      -536.09      -835.29      -107.03       -32.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4490.69 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0726 

              Pey    =  (Area*Fy)/Lambda^2       =  4522324.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.69 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0488 

              Pez    =  (Area*Fy)/Lambda^2       =  9995575.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4490.69            -835.29             -32.03 

           ---------------------------------------------------------------- 

            TOTAL           -4490.69            -835.29             -32.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -835.29 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -32.03 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4522324.8682 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.377 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1604e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4522324.8682 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         209.80 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21512.65 kN. 

           -. phiPn =  phi*Pn  =      19361.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4490.69 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19361.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                835.29 

           -. --------  =  ---------------  =  0.167  <  1.000  --->  O.K. 

               phiMny             4987.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6611.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6611.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6611.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 32.03 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiMnz             6611.12 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.232 + (8/9)*[  0.167  +  0.005 ] 

                      =  0.385  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        404.86 kN. 

                 Vuy               404.86 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        293.42 kN. 

                 Vuz               293.42 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   5069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50148e+000,  Lz   = 1.50148e+000,  Lb   = 1.50148e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4492.24      -833.85     -1423.83       -32.10      -153.07 

           ------------------------------------------------------------------------------- 

            TOTAL           -4492.24      -833.85     -1423.83       -32.10      -153.07 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4492.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.99 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0791 

              Pey    =  (Area*Fy)/Lambda^2       =  3800898.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0532 

              Pez    =  (Area*Fy)/Lambda^2       =  8401025.76 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4492.24           -1423.83            -153.07 

           ---------------------------------------------------------------- 

            TOTAL           -4492.24           -1423.83            -153.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1423.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -153.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3800898.4728 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.501 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3372e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3800898.4728 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         176.33 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21504.51 kN. 

           -. phiPn =  phi*Pn  =      19354.06 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4492.24 

           -. -------  =  ---------------  =          0.23  <  1.000  --->  O.K. 

               phiPn            19354.06 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4987.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4987.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1423.83 

           -. --------  =  ---------------  =  0.285  <  1.000  --->  O.K. 

               phiMny             4987.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6610.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6610.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6610.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                153.07 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             6610.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.232 + (8/9)*[  0.285  +  0.023 ] 

                      =  0.506  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        854.33 kN. 

                 Vuy               854.33 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        398.63 kN. 

                 Vuz               398.63 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =   6010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.27985e+000,  Lz   = 3.27985e+000,  Lb   = 3.27985e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -474.01     -1625.40      -371.59      -249.94      -164.36 

           ------------------------------------------------------------------------------- 

            TOTAL            -474.01     -1625.40      -371.59      -249.94      -164.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      474.01 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.95 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0786 

              Pey    =  (Area*Fy)/Lambda^2       =  5089840.67 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.93 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1973 

              Pez    =  (Area*Fy)/Lambda^2       =   808506.21 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -474.01           -1625.40            -249.94 

           ---------------------------------------------------------------- 

            TOTAL            -474.01           -1625.40            -249.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1625.40 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -249.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  808506.2088 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.280 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2073e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  808506.2088 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          37.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21079.56 kN. 

           -. phiPn =  phi*Pn  =      18971.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                474.01 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            18971.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1625.40 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiMny            11915.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.31 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.31 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                249.94 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             6073.31 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.136  +  0.041 ] 

                      =  0.190  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        135.13 kN. 

                 Vuy               135.13 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        515.74 kN. 

                 Vuz               515.74 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63763e+000,  Lz   = 1.63763e+000,  Lb   = 1.63763e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -386.41      -611.86     -1266.70      -163.73      -160.17 

           ------------------------------------------------------------------------------- 

            TOTAL            -386.41      -611.86     -1266.70      -163.73      -160.17 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      386.41 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0393 

              Pey    =  (Area*Fy)/Lambda^2       = 20416481.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.45 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0985 

              Pez    =  (Area*Fy)/Lambda^2       =  3243098.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -386.41           -1266.70            -160.17 

           ---------------------------------------------------------------- 

            TOTAL            -386.41           -1266.70            -160.17 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7917 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1266.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -160.17 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7919 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3243098.0709 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.638 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0888e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3243098.0709 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         152.16 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21254.88 kN. 

           -. phiPn =  phi*Pn  =      19129.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                386.41 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19129.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.05 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1266.70 

           -. --------  =  ---------------  =  0.106  <  1.000  --->  O.K. 

               phiMny            11936.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                160.17 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             6075.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.106  +  0.026 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         62.91 kN. 

                 Vuy                62.91 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        475.38 kN. 

                 Vuz               475.38 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48724e+000,  Lz   = 1.48724e+000,  Lb   = 1.48724e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -352.79     -1287.17     -1932.68      -154.39      -143.96 

           ------------------------------------------------------------------------------- 

            TOTAL            -352.79     -1287.17     -1932.68      -154.39      -143.96 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      352.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24754346.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  3932155.00 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -352.79           -1932.68            -143.96 

           ---------------------------------------------------------------- 

            TOTAL            -352.79           -1932.68            -143.96 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1932.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -143.96 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3932155.0031 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.487 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5326e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3932155.0031 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.49 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.13 kN. 

           -. phiPn =  phi*Pn  =      19138.62 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                352.79 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1932.68 

           -. --------  =  ---------------  =  0.162  <  1.000  --->  O.K. 

               phiMny            11937.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                143.96 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.162  +  0.024 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         37.22 kN. 

                 Vuy                37.22 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        459.26 kN. 

                 Vuz               459.26 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48763e+000,  Lz   = 1.48763e+000,  Lb   = 1.48763e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -367.59     -1580.11     -1115.80      -189.75      -202.62 

           ------------------------------------------------------------------------------- 

            TOTAL            -367.59     -1580.11     -1115.80      -189.75      -202.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      367.59 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24741057.52 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  3930044.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -367.59           -1580.11            -189.75 

           ---------------------------------------------------------------- 

            TOTAL            -367.59           -1580.11            -189.75 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1580.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -189.75 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3930044.1672 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.488 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5312e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3930044.1672 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.39 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.10 kN. 

           -. phiPn =  phi*Pn  =      19138.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                367.59 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1580.11 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny            11937.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                189.75 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.132  +  0.031 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         38.67 kN. 

                 Vuy                38.67 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        348.56 kN. 

                 Vuz               348.56 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63759e+000,  Lz   = 1.63759e+000,  Lb   = 1.63759e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -385.46     -1082.63      -696.86      -199.25      -175.23 

           ------------------------------------------------------------------------------- 

            TOTAL            -385.46     -1082.63      -696.86      -199.25      -175.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      385.46 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0393 

              Pey    =  (Area*Fy)/Lambda^2       = 20417456.48 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.45 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0985 

              Pez    =  (Area*Fy)/Lambda^2       =  3243252.87 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -385.46           -1082.63            -199.25 

           ---------------------------------------------------------------- 

            TOTAL            -385.46           -1082.63            -199.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1082.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -199.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7951 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3243252.8672 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.638 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0889e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3243252.8672 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         152.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21254.89 kN. 

           -. phiPn =  phi*Pn  =      19129.40 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                385.46 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19129.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.05 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1082.63 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMny            11936.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                199.25 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiMnz             6075.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.091  +  0.033 ] 

                      =  0.134  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =         42.06 kN. 

                 Vuy                42.06 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        351.73 kN. 

                 Vuz               351.73 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.27990e+000,  Lz   = 3.27990e+000,  Lb   = 3.27990e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -328.31      -529.51     -1446.55      -177.99      -543.88 

           ------------------------------------------------------------------------------- 

            TOTAL            -328.31      -529.51     -1446.55      -177.99      -543.88 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      328.31 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.95 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0786 

              Pey    =  (Area*Fy)/Lambda^2       =  5089685.48 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.93 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1973 

              Pez    =  (Area*Fy)/Lambda^2       =   808481.56 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -328.31           -1446.55            -543.88 

           ---------------------------------------------------------------- 

            TOTAL            -328.31           -1446.55            -543.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1446.55 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -543.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7962 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  808481.5577 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.280 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2071e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  808481.5577 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          37.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21079.55 kN. 

           -. phiPn =  phi*Pn  =      18971.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                328.31 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            18971.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1446.55 

           -. --------  =  ---------------  =  0.121  <  1.000  --->  O.K. 

               phiMny            11915.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.31 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.31 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                543.88 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiMnz             6073.31 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.121  +  0.090 ] 

                      =  0.220  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        231.26 kN. 

                 Vuy               231.26 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        397.28 kN. 

                 Vuz               397.28 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.24552e+000,  Lz   = 3.24552e+000,  Lb   = 3.24552e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -740.12     -1341.59      -730.81      -182.58      -195.61 

           ------------------------------------------------------------------------------- 

            TOTAL            -740.12     -1341.59      -730.81      -182.58      -195.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      740.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0778 

              Pey    =  (Area*Fy)/Lambda^2       =  5198061.54 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1952 

              Pez    =  (Area*Fy)/Lambda^2       =   825696.78 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -740.12           -1341.59            -182.58 

           ---------------------------------------------------------------- 

            TOTAL            -740.12           -1341.59            -182.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1341.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -182.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7973 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 7975 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  825696.7755 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.246 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.3180e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  825696.7755 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.74 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21084.40 kN. 

           -. phiPn =  phi*Pn  =      18975.96 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                740.12 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            18975.96 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11916.26 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11916.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1341.59 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny            11916.26 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.35 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.35 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                182.58 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiMnz             6073.35 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.113  +  0.030 ] 

                      =  0.162  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        124.88 kN. 

                 Vuy               124.88 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        371.22 kN. 

                 Vuz               371.22 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63861e+000,  Lz   = 1.63861e+000,  Lb   = 1.63861e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -519.48      -871.82      -923.22      -184.81       -76.23 

           ------------------------------------------------------------------------------- 

            TOTAL            -519.48      -871.82      -923.22      -184.81       -76.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      519.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0393 

              Pey    =  (Area*Fy)/Lambda^2       = 20391975.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.46 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0986 

              Pez    =  (Area*Fy)/Lambda^2       =  3239205.21 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -519.48            -871.82            -184.81 

           ---------------------------------------------------------------- 

            TOTAL            -519.48            -871.82            -184.81 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -871.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -184.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3239205.2106 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.639 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0863e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3239205.2106 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         151.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21254.81 kN. 

           -. phiPn =  phi*Pn  =      19129.33 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                519.48 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19129.33 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.03 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.03 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                871.82 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMny            11936.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                184.81 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiMnz             6075.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.073  +  0.030 ] 

                      =  0.117  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         87.12 kN. 

                 Vuy                87.12 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        328.69 kN. 

                 Vuz               328.69 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48908e+000,  Lz   = 1.48908e+000,  Lb   = 1.48908e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -287.60     -1062.94     -1462.58       -45.90       -52.05 

           ------------------------------------------------------------------------------- 

            TOTAL            -287.60     -1062.94     -1462.58       -45.90       -52.05 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      287.60 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24693078.53 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  3922422.85 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -287.60           -1462.58             -52.05 

           ---------------------------------------------------------------- 

            TOTAL            -287.60           -1462.58             -52.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1462.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -52.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3922422.8460 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.489 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5263e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3922422.8460 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.01 kN. 

           -. phiPn =  phi*Pn  =      19138.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                287.60 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1462.58 

           -. --------  =  ---------------  =  0.123  <  1.000  --->  O.K. 

               phiMny            11937.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 52.05 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.123  +  0.009 ] 

                      =  0.139  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         34.56 kN. 

                 Vuy                34.56 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        324.52 kN. 

                 Vuz               324.52 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48853e+000,  Lz   = 1.48853e+000,  Lb   = 1.48853e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -184.66     -1430.70     -1052.21      -124.56      -131.36 

           ------------------------------------------------------------------------------- 

            TOTAL            -184.66     -1430.70     -1052.21      -124.56      -131.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      184.66 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24711310.92 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  3925319.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -184.66           -1430.70            -124.56 

           ---------------------------------------------------------------- 

            TOTAL            -184.66           -1430.70            -124.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1430.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -124.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3925319.0066 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.489 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5282e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3925319.0066 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.05 kN. 

           -. phiPn =  phi*Pn  =      19138.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                184.66 

           -. -------  =  ---------------  =     9.65e-003  <  1.000  --->  O.K. 

               phiPn            19138.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1430.70 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny            11937.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                124.56 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.120  +  0.021 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         42.47 kN. 

                 Vuy                42.47 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        317.11 kN. 

                 Vuz               317.11 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63870e+000,  Lz   = 1.63870e+000,  Lb   = 1.63870e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -181.76     -1039.87      -798.63      -129.21       -78.92 

           ------------------------------------------------------------------------------- 

            TOTAL            -181.76     -1039.87      -798.63      -129.21       -78.92 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      181.76 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0393 

              Pey    =  (Area*Fy)/Lambda^2       = 20389871.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.46 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0986 

              Pez    =  (Area*Fy)/Lambda^2       =  3238871.08 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -181.76           -1039.87            -129.21 

           ---------------------------------------------------------------- 

            TOTAL            -181.76           -1039.87            -129.21 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1039.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -129.21 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3238871.0756 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.639 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0860e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3238871.0756 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         151.96 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21254.81 kN. 

           -. phiPn =  phi*Pn  =      19129.33 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                181.76 

           -. -------  =  ---------------  =     9.50e-003  <  1.000  --->  O.K. 

               phiPn            19129.33 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.03 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.03 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1039.87 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMny            11936.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                129.21 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             6075.39 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8022 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.087  +  0.021 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         64.80 kN. 

                 Vuy                64.80 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        304.70 kN. 

                 Vuz               304.70 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.24508e+000,  Lz   = 3.24508e+000,  Lb   = 3.24508e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -236.26      -839.59     -1629.56      -112.13      -456.98 

           ------------------------------------------------------------------------------- 

            TOTAL            -236.26      -839.59     -1629.56      -112.13      -456.98 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      236.26 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.89 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0778 

              Pey    =  (Area*Fy)/Lambda^2       =  5199480.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1952 

              Pez    =  (Area*Fy)/Lambda^2       =   825922.20 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -236.26           -1629.56            -456.98 

           ---------------------------------------------------------------- 

            TOTAL            -236.26           -1629.56            -456.98 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1629.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -456.98 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  825922.2033 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.245 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.3195e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  825922.2033 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          38.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21084.46 kN. 

           -. phiPn =  phi*Pn  =      18976.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                236.26 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            18976.02 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11916.26 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11916.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1629.56 

           -. --------  =  ---------------  =  0.137  <  1.000  --->  O.K. 

               phiMny            11916.26 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.35 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.35 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                456.98 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiMnz             6073.35 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.137  +  0.075 ] 

                      =  0.218  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        187.49 kN. 

                 Vuy               187.49 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        350.27 kN. 

                 Vuz               350.27 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.28014e+000,  Lz   = 3.28014e+000,  Lb   = 3.28014e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -187.79     -1327.76      -947.87      -421.95      -116.98 

           ------------------------------------------------------------------------------- 

            TOTAL            -187.79     -1327.76      -947.87      -421.95      -116.98 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      187.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.95 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0786 

              Pey    =  (Area*Fy)/Lambda^2       =  5088925.76 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       14.93 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1973 

              Pez    =  (Area*Fy)/Lambda^2       =   808360.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -187.79           -1327.76            -421.95 

           ---------------------------------------------------------------- 

            TOTAL            -187.79           -1327.76            -421.95 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1327.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -421.95 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  808360.8789 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.280 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.2064e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  808360.8789 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          37.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21079.52 kN. 

           -. phiPn =  phi*Pn  =      18971.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                187.79 

           -. -------  =  ---------------  =     9.90e-003  <  1.000  --->  O.K. 

               phiPn            18971.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.83 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1327.76 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny            11915.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.31 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.31 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                421.95 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiMnz             6073.31 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.111  +  0.069 ] 

                      =  0.186  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        187.35 kN. 

                 Vuy               187.35 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        322.90 kN. 

                 Vuz               322.90 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63947e+000,  Lz   = 1.63947e+000,  Lb   = 1.63947e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -179.12     -1030.34     -1115.19      -129.78      -175.60 

           ------------------------------------------------------------------------------- 

            TOTAL            -179.12     -1030.34     -1115.19      -129.78      -175.60 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      179.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0393 

              Pey    =  (Area*Fy)/Lambda^2       = 20370588.15 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.46 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0986 

              Pez    =  (Area*Fy)/Lambda^2       =  3235807.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -179.12           -1115.19            -175.60 

           ---------------------------------------------------------------- 

            TOTAL            -179.12           -1115.19            -175.60 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1115.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -175.60 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3235807.9704 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.639 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0841e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3235807.9704 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         151.82 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21254.75 kN. 

           -. phiPn =  phi*Pn  =      19129.28 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                179.12 

           -. -------  =  ---------------  =     9.36e-003  <  1.000  --->  O.K. 

               phiPn            19129.28 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.02 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.02 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1115.19 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiMny            11936.02 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.38 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.38 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.38 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                175.60 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             6075.38 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.093  +  0.029 ] 

                      =  0.127  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =         44.54 kN. 

                 Vuy                44.54 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        287.01 kN. 

                 Vuz               287.01 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48860e+000,  Lz   = 1.48860e+000,  Lb   = 1.48860e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -132.17     -1063.55     -1431.27      -151.52      -135.53 

           ------------------------------------------------------------------------------- 

            TOTAL            -132.17     -1063.55     -1431.27      -151.52      -135.53 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      132.17 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24709114.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  3924970.04 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -132.17           -1431.27            -135.53 

           ---------------------------------------------------------------- 

            TOTAL            -132.17           -1431.27            -135.53 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1431.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -135.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3924970.0371 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.489 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5279e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3924970.0371 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.15 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.04 kN. 

           -. phiPn =  phi*Pn  =      19138.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                132.17 

           -. -------  =  ---------------  =     6.91e-003  <  1.000  --->  O.K. 

               phiPn            19138.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1431.27 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny            11937.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                135.53 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.120  +  0.022 ] 

                      =  0.146  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         29.24 kN. 

                 Vuy                29.24 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        305.29 kN. 

                 Vuz               305.29 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48836e+000,  Lz   = 1.48836e+000,  Lb   = 1.48836e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       544.31             301.24             187.93 

           ---------------------------------------------------------------- 

            TOTAL             544.31             301.24             187.93 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      301.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      187.93 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                544.31 

           -. -------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                301.24 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMny            11937.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                187.93 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.025  +  0.031 ] 

                      =  0.065  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         48.71 kN. 

                 Vuy                48.71 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         93.23 kN. 

                 Vuz                93.23 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   6080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63841e+000,  Lz   = 1.63841e+000,  Lb   = 1.63841e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       642.50             241.88             329.27 

           ---------------------------------------------------------------- 

            TOTAL             642.50             241.88             329.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      241.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      329.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                642.50 

           -. -------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.04 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                241.88 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMny            11936.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.39 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                329.27 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             6075.39 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.020  +  0.054 ] 

                      =  0.085  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         92.54 kN. 

                 Vuy                92.54 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        109.38 kN. 

                 Vuz               109.38 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8082 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   6081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.28019e+000,  Lz   = 3.28019e+000,  Lb   = 3.28019e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       863.51             242.55             326.76 

           ---------------------------------------------------------------- 

            TOTAL             863.51             242.55             326.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      242.55 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      326.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    14.9  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                863.51 

           -. -------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11915.83 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11915.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                242.55 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMny            11915.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.31 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.31 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                326.76 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             6073.31 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.020  +  0.054 ] 

                      =  0.089  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        148.76 kN. 

                 Vuy               148.76 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        148.72 kN. 

                 Vuz               148.72 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40599e+000,  Lz   = 1.40599e+000,  Lb   = 1.40599e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1123.92      -378.70     -1355.01       -41.76       -38.80 

           ------------------------------------------------------------------------------- 

            TOTAL           -1123.92      -378.70     -1355.01       -41.76       -38.80 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1123.92 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2794337.56 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2098090.02 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1123.92           -1355.01             -38.80 

           ---------------------------------------------------------------- 

            TOTAL           -1123.92           -1355.01             -38.80 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1355.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -38.80 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2098090.0219 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0857e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2098090.0219 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.09 kN. 

           -. phiPn =  phi*Pn  =      16476.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1123.92 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            16476.38 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1355.01 

           -. --------  =  ---------------  =  0.422  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 38.80 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.422  +  0.013 ] 

                      =  0.469  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         54.64 kN. 

                 Vuy                54.64 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1170.15 kN. 

                 Vuz              1170.15 

           -. --------  =  ---------------  =  0.192  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40647e+000,  Lz   = 1.40647e+000,  Lb   = 1.40647e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -437.57     -1549.03      -731.56      -162.08       -53.76 

           ------------------------------------------------------------------------------- 

            TOTAL            -437.57     -1549.03      -731.56      -162.08       -53.76 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      437.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2792461.62 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2096681.50 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -437.57           -1549.03            -162.08 

           ---------------------------------------------------------------- 

            TOTAL            -437.57           -1549.03            -162.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1549.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -162.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2096681.4992 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0849e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2096681.4992 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.11 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.04 kN. 

           -. phiPn =  phi*Pn  =      16476.34 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                437.57 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16476.34 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1549.03 

           -. --------  =  ---------------  =  0.482  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                162.08 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.482  +  0.056 ] 

                      =  0.551  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         83.89 kN. 

                 Vuy                83.89 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        592.61 kN. 

                 Vuz               592.61 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53460e+000,  Lz   = 1.53460e+000,  Lb   = 1.53460e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -409.01      -723.10      -247.57       -54.11       -98.13 

           ------------------------------------------------------------------------------- 

            TOTAL            -409.01      -723.10      -247.57       -54.11       -98.13 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      409.01 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0885 

              Pey    =  (Area*Fy)/Lambda^2       =  2345601.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1021 

              Pez    =  (Area*Fy)/Lambda^2       =  1761162.89 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -409.01            -723.10             -54.11 

           ---------------------------------------------------------------- 

            TOTAL            -409.01            -723.10             -54.11 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -723.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -54.11 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1761162.8869 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.535 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1133e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1761162.8869 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.85 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.25 kN. 

           -. phiPn =  phi*Pn  =      16464.83 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                409.01 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16464.83 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                723.10 

           -. --------  =  ---------------  =  0.225  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8119 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 54.11 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.225  +  0.019 ] 

                      =  0.256  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        163.91 kN. 

                 Vuy               163.91 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        561.71 kN. 

                 Vuz               561.71 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53377e+000,  Lz   = 1.53377e+000,  Lb   = 1.53377e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -266.30      -345.02      -676.74      -193.99       -55.35 

           ------------------------------------------------------------------------------- 

            TOTAL            -266.30      -345.02      -676.74      -193.99       -55.35 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      266.30 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0885 

              Pey    =  (Area*Fy)/Lambda^2       =  2348146.31 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1021 

              Pez    =  (Area*Fy)/Lambda^2       =  1763073.44 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -266.30            -676.74             -55.35 

           ---------------------------------------------------------------- 

            TOTAL            -266.30            -676.74             -55.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -676.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -55.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1763073.4430 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.534 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1231e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1763073.4430 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.34 kN. 

           -. phiPn =  phi*Pn  =      16464.90 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                266.30 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16464.90 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                676.74 

           -. --------  =  ---------------  =  0.211  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 55.35 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.211  +  0.019 ] 

                      =  0.238  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        168.93 kN. 

                 Vuy               168.93 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        615.66 kN. 

                 Vuz               615.66 

           -. --------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40610e+000,  Lz   = 1.40610e+000,  Lb   = 1.40610e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -238.51      -685.76     -1580.75       -55.68      -148.45 

           ------------------------------------------------------------------------------- 

            TOTAL            -238.51      -685.76     -1580.75       -55.68      -148.45 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      238.51 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2793924.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097780.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -238.51           -1580.75            -148.45 

           ---------------------------------------------------------------- 

            TOTAL            -238.51           -1580.75            -148.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1580.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -148.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097780.1544 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0855e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097780.1544 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.08 kN. 

           -. phiPn =  phi*Pn  =      16476.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                238.51 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            16476.37 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1580.75 

           -. --------  =  ---------------  =  0.492  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                148.45 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.492  +  0.051 ] 

                      =  0.550  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         93.16 kN. 

                 Vuy                93.16 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8143 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        643.46 kN. 

                 Vuz               643.46 

           -. --------  =  ---------------  =  0.106  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40662e+000,  Lz   = 1.40662e+000,  Lb   = 1.40662e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1572.41     -1385.77        19.98       -56.05       -42.36 

           ------------------------------------------------------------------------------- 

            TOTAL           -1572.41     -1385.77        19.98       -56.05       -42.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1572.41 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2791858.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2096229.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1572.41           -1385.77             -56.05 

           ---------------------------------------------------------------- 

            TOTAL           -1572.41           -1385.77             -56.05 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8147 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1385.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -56.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2096229.0100 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0847e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2096229.0100 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.03 kN. 

           -. phiPn =  phi*Pn  =      16476.32 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1572.41 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            16476.32 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1385.77 

           -. --------  =  ---------------  =  0.431  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 56.05 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.431  +  0.019 ] 

                      =  0.498  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         36.26 kN. 

                 Vuy                36.26 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1106.24 kN. 

                 Vuz              1106.24 

           -. --------  =  ---------------  =  0.182  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40574e+000,  Lz   = 1.40574e+000,  Lb   = 1.40574e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8156 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1360.06     -2459.63     -1709.53      -152.77       -38.14 

           ------------------------------------------------------------------------------- 

            TOTAL           -1360.06     -2459.63     -1709.53      -152.77       -38.14 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1360.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27707877.53 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4401314.79 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1360.06           -2459.63            -152.77 

           ---------------------------------------------------------------- 

            TOTAL           -1360.06           -2459.63            -152.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2459.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -152.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4401314.7930 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8347e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4401314.7930 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.50 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.27 kN. 

           -. phiPn =  phi*Pn  =      19143.25 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1360.06 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            19143.25 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2459.63 

           -. --------  =  ---------------  =  0.206  <  1.000  --->  O.K. 

               phiMny            11938.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                152.77 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.206  +  0.025 ] 

                      =  0.267  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        113.60 kN. 

                 Vuy               113.60 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        626.70 kN. 

                 Vuz               626.70 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40665e+000,  Lz   = 1.40665e+000,  Lb   = 1.40665e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1063.13            2103.70              39.80 

           ---------------------------------------------------------------- 

            TOTAL            1063.13            2103.70              39.80 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2103.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       39.80 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1063.13 

           -. -------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2103.70 

           -. --------  =  ---------------  =  0.176  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 39.80 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.176  +  0.007 ] 

                      =  0.201  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         86.02 kN. 

                 Vuy                86.02 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        581.03 kN. 

                 Vuz               581.03 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53378e+000,  Lz   = 1.53378e+000,  Lb   = 1.53378e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1594.23            1235.03             310.45 

           ---------------------------------------------------------------- 

            TOTAL            1594.23            1235.03             310.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1235.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      310.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1594.23 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.32 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1235.03 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiMny            11937.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                310.45 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.103  +  0.051 ] 

                      =  0.181  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        239.40 kN. 

                 Vuy               239.40 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        534.14 kN. 

                 Vuz               534.14 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53464e+000,  Lz   = 1.53464e+000,  Lb   = 1.53464e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1560.28            1241.35             289.56 

           ---------------------------------------------------------------- 

            TOTAL            1560.28            1241.35             289.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1241.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      289.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1560.28 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.31 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1241.35 

           -. --------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiMny            11937.31 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                289.56 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.104  +  0.048 ] 

                      =  0.178  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    I ) 

           -. Applied shear force : Vuy =        230.37 kN. 

                 Vuy               230.37 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        489.78 kN. 

                 Vuz               489.78 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40653e+000,  Lz   = 1.40653e+000,  Lb   = 1.40653e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2377.95      -547.00      -728.43       -97.41       -71.96 

           ------------------------------------------------------------------------------- 

            TOTAL           -2377.95      -547.00      -728.43       -97.41       -71.96 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2377.95 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27676574.79 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4396342.45 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2377.95            -728.43             -71.96 

           ---------------------------------------------------------------- 

            TOTAL           -2377.95            -728.43             -71.96 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -728.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -71.96 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4396342.4459 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8315e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4396342.4459 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.27 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.22 kN. 

           -. phiPn =  phi*Pn  =      19143.20 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2377.95 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            19143.20 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                728.43 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 71.96 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.061  +  0.012 ] 

                      =  0.135  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        100.75 kN. 

                 Vuy               100.75 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        538.61 kN. 

                 Vuz               538.61 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40579e+000,  Lz   = 1.40579e+000,  Lb   = 1.40579e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -610.54      -731.74     -1442.77       -99.33      -226.92 

           ------------------------------------------------------------------------------- 

            TOTAL            -610.54      -731.74     -1442.77       -99.33      -226.92 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8200 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      610.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27705858.57 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4400994.09 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -610.54           -1442.77            -226.92 

           ---------------------------------------------------------------- 

            TOTAL            -610.54           -1442.77            -226.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1442.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -226.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4400994.0880 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8345e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4400994.0880 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.49 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.27 kN. 

           -. phiPn =  phi*Pn  =      19143.24 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                610.54 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19143.24 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1442.77 

           -. --------  =  ---------------  =  0.121  <  1.000  --->  O.K. 

               phiMny            11938.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                226.92 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.121  +  0.037 ] 

                      =  0.174  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        123.62 kN. 

                 Vuy               123.62 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        585.98 kN. 

                 Vuz               585.98 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40608e+000,  Lz   = 1.40608e+000,  Lb   = 1.40608e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -465.64         6.64     -1123.84       -32.13       -50.40 

           ------------------------------------------------------------------------------- 

            TOTAL            -465.64         6.64     -1123.84       -32.13       -50.40 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      465.64 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2794011.07 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097844.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -465.64           -1123.84             -50.40 

           ---------------------------------------------------------------- 

            TOTAL            -465.64           -1123.84             -50.40 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1123.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -50.40 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097844.8794 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0855e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097844.8794 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.08 kN. 

           -. phiPn =  phi*Pn  =      16476.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                465.64 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16476.37 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1123.84 

           -. --------  =  ---------------  =  0.350  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 50.40 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.350  +  0.017 ] 

                      =  0.381  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         36.20 kN. 

                 Vuy                36.20 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        948.67 kN. 

                 Vuz               948.67 

           -. --------  =  ---------------  =  0.156  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40634e+000,  Lz   = 1.40634e+000,  Lb   = 1.40634e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -831.92     -1286.24      -618.33      -150.07       -25.36 

           ------------------------------------------------------------------------------- 

            TOTAL            -831.92     -1286.24      -618.33      -150.07       -25.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      831.92 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2792979.80 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2097070.56 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -831.92           -1286.24            -150.07 

           ---------------------------------------------------------------- 

            TOTAL            -831.92           -1286.24            -150.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1286.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -150.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2097070.5630 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0851e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2097070.5630 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.13 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.05 kN. 

           -. phiPn =  phi*Pn  =      16476.35 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                831.92 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16476.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1286.24 

           -. --------  =  ---------------  =  0.400  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                150.07 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.400  +  0.052 ] 

                      =  0.477  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        108.28 kN. 

                 Vuy               108.28 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        482.16 kN. 

                 Vuz               482.16 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53426e+000,  Lz   = 1.53426e+000,  Lb   = 1.53426e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -803.23      -608.57      -197.79       -25.40      -169.76 

           ------------------------------------------------------------------------------- 

            TOTAL            -803.23      -608.57      -197.79       -25.40      -169.76 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      803.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0885 

              Pey    =  (Area*Fy)/Lambda^2       =  2346635.06 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1021 

              Pez    =  (Area*Fy)/Lambda^2       =  1761938.74 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -803.23            -608.57             -25.40 

           ---------------------------------------------------------------- 

            TOTAL            -803.23            -608.57             -25.40 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -608.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -25.40 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1761938.7378 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.534 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1173e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1761938.7378 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.89 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.29 kN. 

           -. phiPn =  phi*Pn  =      16464.86 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                803.23 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16464.86 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                608.57 

           -. --------  =  ---------------  =  0.189  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 25.40 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.189  +  0.009 ] 

                      =  0.223  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        131.37 kN. 

                 Vuy               131.37 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        436.65 kN. 

                 Vuz               436.65 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53583e+000,  Lz   = 1.53583e+000,  Lb   = 1.53583e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1867.71             422.88             141.47 

           ---------------------------------------------------------------- 

            TOTAL            1867.71             422.88             141.47 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      422.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      141.47 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1867.71 

           -. -------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                422.88 

           -. --------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                141.47 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.132  +  0.049 ] 

                      =  0.234  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        154.09 kN. 

                 Vuy               154.09 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        397.28 kN. 

                 Vuz               397.28 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40706e+000,  Lz   = 1.40706e+000,  Lb   = 1.40706e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -544.06      -521.69     -1131.33       -27.59      -140.08 

           ------------------------------------------------------------------------------- 

            TOTAL            -544.06      -521.69     -1131.33       -27.59      -140.08 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8251 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      544.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2790120.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2094923.50 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -544.06           -1131.33            -140.08 

           ---------------------------------------------------------------- 

            TOTAL            -544.06           -1131.33            -140.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1131.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -140.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2094923.5031 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0840e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2094923.5031 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.98 kN. 

           -. phiPn =  phi*Pn  =      16476.29 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                544.06 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16476.29 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1131.33 

           -. --------  =  ---------------  =  0.352  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                140.08 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.352  +  0.048 ] 

                      =  0.417  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        105.41 kN. 

                 Vuy               105.41 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        447.84 kN. 

                 Vuz               447.84 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40770e+000,  Lz   = 1.40770e+000,  Lb   = 1.40770e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1430.95      -970.50        12.33       -57.01       -84.62 

           ------------------------------------------------------------------------------- 

            TOTAL           -1430.95      -970.50        12.33       -57.01       -84.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1430.95 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2787559.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2093000.50 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1430.95            -970.50             -57.01 

           ---------------------------------------------------------------- 

            TOTAL           -1430.95            -970.50             -57.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -970.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -57.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2093000.5026 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0830e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2093000.5026 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         113.91 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.92 kN. 

           -. phiPn =  phi*Pn  =      16476.23 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1430.95 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            16476.23 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                970.50 

           -. --------  =  ---------------  =  0.302  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 57.01 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.302  +  0.020 ] 

                      =  0.365  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         52.10 kN. 

                 Vuy                52.10 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        913.90 kN. 

                 Vuz               913.90 

           -. --------  =  ---------------  =  0.150  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40747e+000,  Lz   = 1.40747e+000,  Lb   = 1.40747e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -986.25         6.40      -996.50       -86.86       -58.75 

           ------------------------------------------------------------------------------- 

            TOTAL            -986.25         6.40      -996.50       -86.86       -58.75 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      986.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2788475.16 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2093688.32 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -986.25            -996.50             -58.75 

           ---------------------------------------------------------------- 

            TOTAL            -986.25            -996.50             -58.75 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -996.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -58.75 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2093688.3175 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0834e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2093688.3175 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         113.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.94 kN. 

           -. phiPn =  phi*Pn  =      16476.25 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                986.25 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16476.25 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                996.50 

           -. --------  =  ---------------  =  0.310  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 58.75 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.310  +  0.020 ] 

                      =  0.360  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         49.22 kN. 

                 Vuy                49.22 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        890.60 kN. 

                 Vuz               890.60 

           -. --------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40766e+000,  Lz   = 1.40766e+000,  Lb   = 1.40766e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -850.84     -1189.05      -563.38      -161.64       -49.30 

           ------------------------------------------------------------------------------- 

            TOTAL            -850.84     -1189.05      -563.38      -161.64       -49.30 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      850.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2787739.16 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2093135.71 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -850.84           -1189.05            -161.64 

           ---------------------------------------------------------------- 

            TOTAL            -850.84           -1189.05            -161.64 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1189.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -161.64 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2093135.7055 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0831e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2093135.7055 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         113.92 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.93 kN. 

           -. phiPn =  phi*Pn  =      16476.23 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                850.84 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16476.23 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1189.05 

           -. --------  =  ---------------  =  0.370  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                161.64 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.370  +  0.056 ] 

                      =  0.452  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        112.93 kN. 

                 Vuy               112.93 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        463.07 kN. 

                 Vuz               463.07 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53548e+000,  Lz   = 1.53548e+000,  Lb   = 1.53548e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1906.03             427.78             141.08 

           ---------------------------------------------------------------- 

            TOTAL            1906.03             427.78             141.08 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8295 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      427.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      141.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1906.03 

           -. -------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                427.78 

           -. --------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                141.08 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.133  +  0.049 ] 

                      =  0.236  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8298 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        155.68 kN. 

                 Vuy               155.68 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        410.28 kN. 

                 Vuz               410.28 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.45866e+000,  Lz   = 1.45866e+000,  Lb   = 1.45866e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1982.85             473.60              53.36 

           ---------------------------------------------------------------- 

            TOTAL            1982.85             473.60              53.36 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      473.60 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       53.36 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1982.85 

           -. -------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.17 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.17 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                473.60 

           -. --------  =  ---------------  =  0.147  <  1.000  --->  O.K. 

               phiMny             3213.17 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.75 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.75 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 53.36 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             2895.75 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.057 + [  0.147  +  0.018 ] 

                      =  0.223  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        152.23 kN. 

                 Vuy               152.23 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        456.27 kN. 

                 Vuz               456.27 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8307 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   7035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40693e+000,  Lz   = 1.40693e+000,  Lb   = 1.40693e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -687.40      -487.19     -1159.05       -57.43       -78.68 

           ------------------------------------------------------------------------------- 

            TOTAL            -687.40      -487.19     -1159.05       -57.43       -78.68 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      687.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2790636.13 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2095310.86 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -687.40           -1159.05             -78.68 

           ---------------------------------------------------------------- 

            TOTAL            -687.40           -1159.05             -78.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1159.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -78.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2095310.8561 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0842e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2095310.8561 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.00 kN. 

           -. phiPn =  phi*Pn  =      16476.30 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                687.40 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16476.30 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1159.05 

           -. --------  =  ---------------  =  0.361  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 78.68 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.361  +  0.027 ] 

                      =  0.409  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         94.75 kN. 

                 Vuy                94.75 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        489.34 kN. 

                 Vuz               489.34 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40762e+000,  Lz   = 1.40762e+000,  Lb   = 1.40762e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1530.68      -987.66       -21.23       -72.83       -55.77 

           ------------------------------------------------------------------------------- 

            TOTAL           -1530.68      -987.66       -21.23       -72.83       -55.77 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1530.68 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2787893.93 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2093251.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1530.68            -987.66             -72.83 

           ---------------------------------------------------------------- 

            TOTAL           -1530.68            -987.66             -72.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -987.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -72.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2093251.9094 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0832e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2093251.9094 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         113.92 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.93 kN. 

           -. phiPn =  phi*Pn  =      16476.24 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1530.68 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            16476.24 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                987.66 

           -. --------  =  ---------------  =  0.307  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 72.83 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.307  +  0.025 ] 

                      =  0.379  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         35.44 kN. 

                 Vuy                35.44 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        846.19 kN. 

                 Vuz               846.19 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40726e+000,  Lz   = 1.40726e+000,  Lb   = 1.40726e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8330 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1581.71     -1854.45     -1264.37       -87.88       -35.44 

           ------------------------------------------------------------------------------- 

            TOTAL           -1581.71     -1854.45     -1264.37       -87.88       -35.44 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1581.71 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27647827.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4391776.02 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1581.71           -1854.45             -87.88 

           ---------------------------------------------------------------- 

            TOTAL           -1581.71           -1854.45             -87.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1854.45 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -87.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4391776.0248 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8286e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8336 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4391776.0248 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.18 kN. 

           -. phiPn =  phi*Pn  =      19143.16 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1581.71 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19143.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1854.45 

           -. --------  =  ---------------  =  0.155  <  1.000  --->  O.K. 

               phiMny            11938.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 87.88 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.155  +  0.014 ] 

                      =  0.211  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         97.01 kN. 

                 Vuy                97.01 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        517.76 kN. 

                 Vuz               517.76 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40798e+000,  Lz   = 1.40798e+000,  Lb   = 1.40798e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1329.81            1499.97              41.70 

           ---------------------------------------------------------------- 

            TOTAL            1329.81            1499.97              41.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1499.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       41.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1329.81 

           -. -------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1499.97 

           -. --------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiMny            11938.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 41.70 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.126  +  0.007 ] 

                      =  0.155  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         68.16 kN. 

                 Vuy                68.16 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        469.14 kN. 

                 Vuz               469.14 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.45792e+000,  Lz   = 1.45792e+000,  Lb   = 1.45792e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1626.36            1169.03             313.02 

           ---------------------------------------------------------------- 

            TOTAL            1626.36            1169.03             313.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1169.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      313.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1626.36 

           -. -------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.26 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1169.03 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny            11938.26 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.61 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.61 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                313.02 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMnz             6075.61 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.098  +  0.052 ] 

                      =  0.177  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        250.70 kN. 

                 Vuy               250.70 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        422.09 kN. 

                 Vuz               422.09 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.45876e+000,  Lz   = 1.45876e+000,  Lb   = 1.45876e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1629.78            1157.56             306.86 

           ---------------------------------------------------------------- 

            TOTAL            1629.78            1157.56             306.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1157.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      306.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1629.78 

           -. -------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.25 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.25 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1157.56 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiMny            11938.25 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.61 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.61 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.61 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                306.86 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiMnz             6075.61 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.097  +  0.051 ] 

                      =  0.175  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        244.64 kN. 

                 Vuy               244.64 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        386.64 kN. 

                 Vuz               386.64 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40769e+000,  Lz   = 1.40769e+000,  Lb   = 1.40769e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2447.20      -670.79      -876.33       -93.09       -76.14 

           ------------------------------------------------------------------------------- 

            TOTAL           -2447.20      -670.79      -876.33       -93.09       -76.14 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2447.20 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27630917.34 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.41 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0847 

              Pez    =  (Area*Fy)/Lambda^2       =  4389089.89 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2447.20            -876.33             -76.14 

           ---------------------------------------------------------------- 

            TOTAL           -2447.20            -876.33             -76.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -876.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -76.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4389089.8934 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8269e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4389089.8934 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         205.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.15 kN. 

           -. phiPn =  phi*Pn  =      19143.14 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2447.20 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            19143.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                876.33 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMny            11938.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 76.14 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.064 + [  0.073  +  0.013 ] 

                      =  0.150  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         96.93 kN. 

                 Vuy                96.93 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        433.71 kN. 

                 Vuz               433.71 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40769e+000,  Lz   = 1.40769e+000,  Lb   = 1.40769e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2449.72      -878.20     -1157.72       -75.76       -84.05 

           ------------------------------------------------------------------------------- 

            TOTAL           -2449.72      -878.20     -1157.72       -75.76       -84.05 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2449.72 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27631154.38 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.41 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0847 

              Pez    =  (Area*Fy)/Lambda^2       =  4389127.55 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2449.72           -1157.72             -84.05 

           ---------------------------------------------------------------- 

            TOTAL           -2449.72           -1157.72             -84.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1157.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -84.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4389127.5474 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8269e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4389127.5474 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         205.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.15 kN. 

           -. phiPn =  phi*Pn  =      19143.14 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2449.72 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            19143.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1157.72 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiMny            11938.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 84.05 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8381 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.064 + [  0.097  +  0.014 ] 

                      =  0.175  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        100.11 kN. 

                 Vuy               100.11 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        480.07 kN. 

                 Vuz               480.07 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40687e+000,  Lz   = 1.40687e+000,  Lb   = 1.40687e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -949.46       -41.62      -911.10       -17.66       -26.50 

           ------------------------------------------------------------------------------- 

            TOTAL            -949.46       -41.62      -911.10       -17.66       -26.50 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      949.46 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2790875.82 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.08 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2095490.82 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -949.46            -911.10             -26.50 

           ---------------------------------------------------------------- 

            TOTAL            -949.46            -911.10             -26.50 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -911.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -26.50 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8387 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2095490.8229 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0843e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2095490.8229 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18307.00 kN. 

           -. phiPn =  phi*Pn  =      16476.30 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                949.46 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16476.30 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                911.10 

           -. --------  =  ---------------  =  0.284  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 26.50 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.284  +  0.009 ] 

                      =  0.322  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         32.53 kN. 

                 Vuy                32.53 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        808.17 kN. 

                 Vuz               808.17 

           -. --------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40803e+000,  Lz   = 1.40803e+000,  Lb   = 1.40803e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1023.03     -1065.56      -508.24      -103.72       -23.88 

           ------------------------------------------------------------------------------- 

            TOTAL           -1023.03     -1065.56      -508.24      -103.72       -23.88 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1023.03 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2786247.26 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2092015.53 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1023.03           -1065.56            -103.72 

           ---------------------------------------------------------------- 

            TOTAL           -1023.03           -1065.56            -103.72 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1065.56 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -103.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8399 DE 12066 

 

 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2092015.5279 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0825e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2092015.5279 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         113.86 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.89 kN. 

           -. phiPn =  phi*Pn  =      16476.20 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1023.03 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16476.20 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1065.56 

           -. --------  =  ---------------  =  0.332  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                103.72 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.332  +  0.036 ] 

                      =  0.398  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        127.84 kN. 

                 Vuy               127.84 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8404 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        410.45 kN. 

                 Vuz               410.45 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.45839e+000,  Lz   = 1.45839e+000,  Lb   = 1.45839e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2270.85      -347.85      -361.23       -35.38      -140.45 

           ------------------------------------------------------------------------------- 

            TOTAL           -2270.85      -347.85      -361.23       -35.38      -140.45 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2270.85 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0841 

              Pey    =  (Area*Fy)/Lambda^2       =  2597142.80 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.34 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0971 

              Pez    =  (Area*Fy)/Lambda^2       =  1950029.04 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2270.85            -361.23            -140.45 

           ---------------------------------------------------------------- 

            TOTAL           -2270.85            -361.23            -140.45 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8408 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -361.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -140.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1950029.0425 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.458 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0091e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1950029.0425 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         106.13 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18301.99 kN. 

           -. phiPn =  phi*Pn  =      16471.79 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2270.85 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            16471.79 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.17 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.17 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                361.23 

           -. --------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiMny             3213.17 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8413 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.76 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.76 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                140.45 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             2895.76 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.069 + [  0.112  +  0.049 ] 

                      =  0.230  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        131.43 kN. 

                 Vuy               131.43 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        369.19 kN. 

                 Vuz               369.19 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53593e+000,  Lz   = 1.53593e+000,  Lb   = 1.53593e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1430.86      -369.43      -463.09      -281.89       -69.17 

           ------------------------------------------------------------------------------- 

            TOTAL           -1430.86      -369.43      -463.09      -281.89       -69.17 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1430.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0886 

              Pey    =  (Area*Fy)/Lambda^2       =  2341549.02 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1022 

              Pez    =  (Area*Fy)/Lambda^2       =  1758119.96 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1430.86            -369.43            -281.89 

           ---------------------------------------------------------------- 

            TOTAL           -1430.86            -369.43            -281.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -369.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -281.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1758119.9608 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.536 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.0975e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1758119.9608 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.68 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.11 kN. 

           -. phiPn =  phi*Pn  =      16464.70 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1430.86 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            16464.70 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                369.43 

           -. --------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                281.89 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.115  +  0.097 ] 

                      =  0.256  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        240.35 kN. 

                 Vuy               240.35 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        306.87 kN. 

                 Vuz               306.87 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8427 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   7047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40706e+000,  Lz   = 1.40706e+000,  Lb   = 1.40706e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1156.74      -447.00      -914.42       -52.71      -189.35 

           ------------------------------------------------------------------------------- 

            TOTAL           -1156.74      -447.00      -914.42       -52.71      -189.35 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1156.74 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2790116.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2094920.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1156.74            -914.42            -189.35 

           ---------------------------------------------------------------- 

            TOTAL           -1156.74            -914.42            -189.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -914.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -189.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2094920.3287 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0840e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2094920.3287 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.98 kN. 

           -. phiPn =  phi*Pn  =      16476.29 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1156.74 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            16476.29 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                914.42 

           -. --------  =  ---------------  =  0.285  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                189.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.285  +  0.065 ] 

                      =  0.385  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        156.53 kN. 

                 Vuy               156.53 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        362.74 kN. 

                 Vuz               362.74 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40764e+000,  Lz   = 1.40764e+000,  Lb   = 1.40764e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1483.35             894.72              57.73 

           ---------------------------------------------------------------- 

            TOTAL            1483.35             894.72              57.73 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      894.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       57.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1483.35 

           -. -------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                894.72 

           -. --------  =  ---------------  =  0.278  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 57.73 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.278  +  0.020 ] 

                      =  0.341  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         62.74 kN. 

                 Vuy                62.74 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        754.13 kN. 

                 Vuz               754.13 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40707e+000,  Lz   = 1.40707e+000,  Lb   = 1.40707e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1056.68       -11.24      -894.85      -108.15      -103.36 

           ------------------------------------------------------------------------------- 

            TOTAL           -1056.68       -11.24      -894.85      -108.15      -103.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1056.68 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2790068.10 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2094884.35 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1056.68            -894.85            -103.36 

           ---------------------------------------------------------------- 

            TOTAL           -1056.68            -894.85            -103.36 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -894.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -103.36 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2094884.3524 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0840e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2094884.3524 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.98 kN. 

           -. phiPn =  phi*Pn  =      16476.28 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1056.68 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            16476.28 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                894.85 

           -. --------  =  ---------------  =  0.278  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                103.36 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.278  +  0.036 ] 

                      =  0.346  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         61.09 kN. 

                 Vuy                61.09 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        819.30 kN. 

                 Vuz               819.30 

           -. --------  =  ---------------  =  0.134  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40805e+000,  Lz   = 1.40805e+000,  Lb   = 1.40805e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -581.44     -1004.70      -514.32      -217.94       -54.24 

           ------------------------------------------------------------------------------- 

            TOTAL            -581.44     -1004.70      -514.32      -217.94       -54.24 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      581.44 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2786179.80 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2091964.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -581.44           -1004.70            -217.94 

           ---------------------------------------------------------------- 

            TOTAL            -581.44           -1004.70            -217.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1004.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -217.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2091964.8790 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0825e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2091964.8790 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         113.85 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.89 kN. 

           -. phiPn =  phi*Pn  =      16476.20 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                581.44 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16476.20 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1004.70 

           -. --------  =  ---------------  =  0.313  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                217.94 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.313  +  0.075 ] 

                      =  0.406  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        140.22 kN. 

                 Vuy               140.22 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        384.87 kN. 

                 Vuz               384.87 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53517e+000,  Lz   = 1.53517e+000,  Lb   = 1.53517e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -783.79      -375.50      -436.07       -58.64      -236.29 

           ------------------------------------------------------------------------------- 

            TOTAL            -783.79      -375.50      -436.07       -58.64      -236.29 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      783.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0885 

              Pey    =  (Area*Fy)/Lambda^2       =  2343863.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1022 

              Pez    =  (Area*Fy)/Lambda^2       =  1759857.38 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -783.79            -436.07            -236.29 

           ---------------------------------------------------------------- 

            TOTAL            -783.79            -436.07            -236.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -436.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -236.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1759857.3802 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.535 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1065e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1759857.3802 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.78 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.19 kN. 

           -. phiPn =  phi*Pn  =      16464.77 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                783.79 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16464.77 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                436.07 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                236.29 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.136  +  0.082 ] 

                      =  0.241  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        204.62 kN. 

                 Vuy               204.62 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        332.66 kN. 

                 Vuz               332.66 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53575e+000,  Lz   = 1.53575e+000,  Lb   = 1.53575e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1914.81             464.11              39.87 

           ---------------------------------------------------------------- 

            TOTAL            1914.81             464.11              39.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      464.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       39.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1914.81 

           -. -------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                464.11 

           -. --------  =  ---------------  =  0.144  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 39.87 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.144  +  0.014 ] 

                      =  0.213  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        114.03 kN. 

                 Vuy               114.03 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        351.68 kN. 

                 Vuz               351.68 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40694e+000,  Lz   = 1.40694e+000,  Lb   = 1.40694e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -158.88      -445.22      -999.37       -11.45       -98.87 

           ------------------------------------------------------------------------------- 

            TOTAL            -158.88      -445.22      -999.37       -11.45       -98.87 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      158.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0811 

              Pey    =  (Area*Fy)/Lambda^2       =  2790561.42 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0936 

              Pez    =  (Area*Fy)/Lambda^2       =  2095254.76 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -158.88            -999.37             -98.87 

           ---------------------------------------------------------------- 

            TOTAL            -158.88            -999.37             -98.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -999.37 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -98.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2095254.7551 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0842e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2095254.7551 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         114.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.99 kN. 

           -. phiPn =  phi*Pn  =      16476.30 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                158.88 

           -. -------  =  ---------------  =     9.64e-003  <  1.000  --->  O.K. 

               phiPn            16476.30 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8492 DE 12066 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                999.37 

           -. --------  =  ---------------  =  0.311  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 98.87 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.311  +  0.034 ] 

                      =  0.350  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        110.51 kN. 

                 Vuy               110.51 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        404.23 kN. 

                 Vuz               404.23 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40828e+000,  Lz   = 1.40828e+000,  Lb   = 1.40828e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -878.25      -899.23       -72.27       -54.60       -54.76 

           ------------------------------------------------------------------------------- 

            TOTAL            -878.25      -899.23       -72.27       -54.60       -54.76 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      878.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.15 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  2785273.67 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.09 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0937 

              Pez    =  (Area*Fy)/Lambda^2       =  2091284.52 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -878.25            -899.23             -54.60 

           ---------------------------------------------------------------- 

            TOTAL            -878.25            -899.23             -54.60 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -899.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -54.60 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2091284.5227 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.408 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0821e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2091284.5227 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         113.82 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18306.87 kN. 

           -. phiPn =  phi*Pn  =      16476.18 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                878.25 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            16476.18 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                899.23 

           -. --------  =  ---------------  =  0.280  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 54.60 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.280  +  0.019 ] 

                      =  0.325  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         20.32 kN. 

                 Vuy                20.32 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        751.10 kN. 

                 Vuz               751.10 

           -. --------  =  ---------------  =  0.123  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40649e+000,  Lz   = 1.40649e+000,  Lb   = 1.40649e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -666.60     -1634.45     -1122.39      -183.44      -103.71 

           ------------------------------------------------------------------------------- 

            TOTAL            -666.60     -1634.45     -1122.39      -183.44      -103.71 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      666.60 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27678239.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4396606.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -666.60           -1634.45            -183.44 

           ---------------------------------------------------------------- 

            TOTAL            -666.60           -1634.45            -183.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1634.45 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -183.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4396606.9096 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8317e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4396606.9096 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.28 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.23 kN. 

           -. phiPn =  phi*Pn  =      19143.20 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                666.60 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19143.20 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1634.45 

           -. --------  =  ---------------  =  0.137  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                183.44 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.137  +  0.030 ] 

                      =  0.185  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        114.12 kN. 

                 Vuy               114.12 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        439.92 kN. 

                 Vuz               439.92 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40811e+000,  Lz   = 1.40811e+000,  Lb   = 1.40811e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       373.30            1293.77             124.80 

           ---------------------------------------------------------------- 

            TOTAL             373.30            1293.77             124.80 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1293.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      124.80 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                373.30 

           -. -------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1293.77 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiMny            11938.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                124.80 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.108  +  0.021 ] 

                      =  0.135  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        118.19 kN. 

                 Vuy               118.19 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        392.61 kN. 

                 Vuz               392.61 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53471e+000,  Lz   = 1.53471e+000,  Lb   = 1.53471e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8526 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1420.87            1305.63             327.19 

           ---------------------------------------------------------------- 

            TOTAL            1420.87            1305.63             327.19 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1305.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      327.19 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1420.87 

           -. -------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.31 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1305.63 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny            11937.31 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                327.19 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.109  +  0.054 ] 

                      =  0.187  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    J ) 

           -. Applied shear force : Vuy =        243.53 kN. 

                 Vuy               243.53 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        345.89 kN. 

                 Vuz               345.89 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53609e+000,  Lz   = 1.53609e+000,  Lb   = 1.53609e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1528.08            1384.72             242.45 

           ---------------------------------------------------------------- 

            TOTAL            1528.08            1384.72             242.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1384.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      242.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1528.08 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.30 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.30 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1384.72 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMny            11937.30 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                242.45 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.116  +  0.040 ] 

                      =  0.181  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        200.76 kN. 

                 Vuy               200.76 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        132.84 kN. 

                 Vuz               132.84 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40736e+000,  Lz   = 1.40736e+000,  Lb   = 1.40736e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1526.30            1405.90              55.01 

           ---------------------------------------------------------------- 

            TOTAL            1526.30            1405.90              55.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1405.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       55.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1526.30 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1405.90 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny            11938.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 55.01 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.118  +  0.009 ] 

                      =  0.152  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         91.11 kN. 

                 Vuy                91.11 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =         92.64 kN. 

                 Vuz                92.64 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40786e+000,  Lz   = 1.40786e+000,  Lb   = 1.40786e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1524.63            1349.66              25.13 

           ---------------------------------------------------------------- 

            TOTAL            1524.63            1349.66              25.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1349.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       25.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1524.63 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1349.66 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny            11938.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 25.13 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.113  +  0.004 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        137.56 kN. 

                 Vuy               137.56 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        118.54 kN. 

                 Vuz               118.54 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   7079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40700e+000,  Lz   = 1.40700e+000,  Lb   = 1.40700e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1548.25             903.49              39.71 

           ---------------------------------------------------------------- 

            TOTAL            1548.25             903.49              39.71 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      903.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       39.71 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1548.25 

           -. -------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                903.49 

           -. --------  =  ---------------  =  0.281  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8557 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 39.71 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.281  +  0.014 ] 

                      =  0.339  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         30.87 kN. 

                 Vuy                30.87 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        139.69 kN. 

                 Vuz               139.69 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40769e+000,  Lz   = 1.40769e+000,  Lb   = 1.40769e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1546.33             786.73              40.10 

           ---------------------------------------------------------------- 

            TOTAL            1546.33             786.73              40.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      786.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       40.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1546.33 

           -. -------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3213.29 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3213.29 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                786.73 

           -. --------  =  ---------------  =  0.245  <  1.000  --->  O.K. 

               phiMny             3213.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.84 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 40.10 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             2895.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.245  +  0.014 ] 

                      =  0.303  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         36.55 kN. 

                 Vuy                36.55 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        194.46 kN. 

                 Vuz               194.46 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =   7081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53564e+000,  Lz   = 1.53564e+000,  Lb   = 1.53564e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1906.12      -222.02      -526.71       -65.13      -157.03 

           ------------------------------------------------------------------------------- 

            TOTAL           -1906.12      -222.02      -526.71       -65.13      -157.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1906.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0886 

              Pey    =  (Area*Fy)/Lambda^2       =  2342438.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1022 

              Pez    =  (Area*Fy)/Lambda^2       =  1758787.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1906.12            -526.71            -157.03 

           ---------------------------------------------------------------- 

            TOTAL           -1906.12            -526.71            -157.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -526.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -157.03 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1758787.9650 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.536 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1010e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1758787.9650 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          95.72 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18294.14 kN. 

           -. phiPn =  phi*Pn  =      16464.73 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1906.12 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16464.73 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.99 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                526.71 

           -. --------  =  ---------------  =  0.164  <  1.000  --->  O.K. 

               phiMny             3212.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.63 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.63 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.63 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                157.03 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             2895.63 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.164  +  0.054 ] 

                      =  0.276  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        193.35 kN. 

                 Vuy               193.35 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        262.26 kN. 

                 Vuz               262.26 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8578 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.58558e+000,  Lz   = 1.58558e+000,  Lb   = 1.58558e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1615.80      -332.68      -391.71      -113.01      -164.01 

           ------------------------------------------------------------------------------- 

            TOTAL           -1615.80      -332.68      -391.71      -113.01      -164.01 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1615.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0380 

              Pey    =  (Area*Fy)/Lambda^2       = 21778846.56 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.22 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0954 

              Pez    =  (Area*Fy)/Lambda^2       =  3459505.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1615.80            -391.71            -164.01 

           ---------------------------------------------------------------- 

            TOTAL           -1615.80            -391.71            -164.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -391.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -164.01 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3459505.6743 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.586 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2281e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3459505.6743 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         162.32 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.54 kN. 

           -. phiPn =  phi*Pn  =      19132.69 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1615.80 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19132.69 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.69 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                391.71 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiMny            11936.69 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                164.01 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.033  +  0.027 ] 

                      =  0.102  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =        217.76 kN. 

                 Vuy               217.76 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        150.45 kN. 

                 Vuz               150.45 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49290e+000,  Lz   = 1.49290e+000,  Lb   = 1.49290e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1617.46      -391.18      -554.02      -164.86      -118.53 

           ------------------------------------------------------------------------------- 

            TOTAL           -1617.46      -391.18      -554.02      -164.86      -118.53 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1617.46 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.71 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0358 

              Pey    =  (Area*Fy)/Lambda^2       = 24566851.61 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0898 

              Pez    =  (Area*Fy)/Lambda^2       =  3902372.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1617.46            -554.02            -118.53 

           ---------------------------------------------------------------- 

            TOTAL           -1617.46            -554.02            -118.53 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -554.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -118.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8593 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3902372.0716 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.493 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5134e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3902372.0716 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.09 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.76 kN. 

           -. phiPn =  phi*Pn  =      19138.29 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1617.46 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19138.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.83 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                554.02 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiMny            11937.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                118.53 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.046  +  0.020 ] 

                      =  0.108  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         61.55 kN. 

                 Vuy                61.55 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        206.73 kN. 

                 Vuz               206.73 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.58544e+000,  Lz   = 1.58544e+000,  Lb   = 1.58544e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1619.20      -553.57      -858.66      -119.22      -330.49 

           ------------------------------------------------------------------------------- 

            TOTAL           -1619.20      -553.57      -858.66      -119.22      -330.49 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1619.20 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0380 

              Pey    =  (Area*Fy)/Lambda^2       = 21782745.52 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.21 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0954 

              Pez    =  (Area*Fy)/Lambda^2       =  3460125.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1619.20            -858.66            -330.49 

           ---------------------------------------------------------------- 

            TOTAL           -1619.20            -858.66            -330.49 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -858.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -330.49 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3460125.0132 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.585 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2285e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3460125.0132 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         162.34 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21258.55 kN. 

           -. phiPn =  phi*Pn  =      19132.70 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1619.20 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19132.70 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.69 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                858.66 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMny            11936.69 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.45 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                330.49 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             6075.45 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.072  +  0.054 ] 

                      =  0.169  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        309.41 kN. 

                 Vuy               309.41 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        264.40 kN. 

                 Vuz               264.40 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53400e+000,  Lz   = 1.53400e+000,  Lb   = 1.53400e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -465.19     -1433.08      -389.44      -329.07       -57.87 

           ------------------------------------------------------------------------------- 

            TOTAL            -465.19     -1433.08      -389.44      -329.07       -57.87 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      465.19 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.78 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0368 

              Pey    =  (Area*Fy)/Lambda^2       = 23268087.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0923 

              Pez    =  (Area*Fy)/Lambda^2       =  3696067.26 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -465.19           -1433.08            -329.07 

           ---------------------------------------------------------------- 

            TOTAL            -465.19           -1433.08            -329.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1433.08 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -329.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3696067.2572 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.534 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.3805e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3696067.2572 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         173.41 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21262.05 kN. 

           -. phiPn =  phi*Pn  =      19135.84 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                465.19 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19135.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.32 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.32 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1433.08 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny            11937.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                329.07 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.120  +  0.054 ] 

                      =  0.186  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        284.05 kN. 

                 Vuy               284.05 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        738.62 kN. 

                 Vuz               738.62 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9005,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40606e+000,  Lz   = 1.40606e+000,  Lb   = 1.40606e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1922.54      -785.00      -833.89       -83.16      -125.39 

           ------------------------------------------------------------------------------- 

            TOTAL           -1922.54      -785.00      -833.89       -83.16      -125.39 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1922.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27695109.79 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4399286.68 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1922.54            -833.89            -125.39 

           ---------------------------------------------------------------- 

            TOTAL           -1922.54            -833.89            -125.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -833.89 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -125.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4399286.6758 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.406 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8334e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4399286.6758 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.41 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.25 kN. 

           -. phiPn =  phi*Pn  =      19143.23 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1922.54 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            19143.23 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.90 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                833.89 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiMny            11938.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                125.39 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8631 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.070  +  0.021 ] 

                      =  0.141  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         74.44 kN. 

                 Vuy                74.44 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        682.17 kN. 

                 Vuz               682.17 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9006,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40662e+000,  Lz   = 1.40662e+000,  Lb   = 1.40662e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -523.39     -1248.18     -2182.72       -27.39      -168.04 

           ------------------------------------------------------------------------------- 

            TOTAL            -523.39     -1248.18     -2182.72       -27.39      -168.04 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      523.39 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27673189.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4395804.73 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -523.39           -2182.72            -168.04 

           ---------------------------------------------------------------- 

            TOTAL            -523.39           -2182.72            -168.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2182.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -168.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4395804.7270 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8312e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4395804.7270 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.25 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.22 kN. 

           -. phiPn =  phi*Pn  =      19143.20 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                523.39 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19143.20 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.89 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2182.72 

           -. --------  =  ---------------  =  0.183  <  1.000  --->  O.K. 

               phiMny            11938.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                168.04 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.183  +  0.028 ] 

                      =  0.224  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        141.31 kN. 

                 Vuy               141.31 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        693.95 kN. 

                 Vuz               693.95 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49119e+000,  Lz   = 1.49119e+000,  Lb   = 1.49119e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -414.17     -2054.12     -1401.81      -115.57      -182.20 

           ------------------------------------------------------------------------------- 

            TOTAL            -414.17     -2054.12     -1401.81      -115.57      -182.20 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      414.17 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24623163.12 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0897 

              Pez    =  (Area*Fy)/Lambda^2       =  3911316.99 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -414.17           -2054.12            -115.57 

           ---------------------------------------------------------------- 

            TOTAL            -414.17           -2054.12            -115.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2054.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -115.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3911316.9881 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.491 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5191e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3911316.9881 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.87 kN. 

           -. phiPn =  phi*Pn  =      19138.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                414.17 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2054.12 

           -. --------  =  ---------------  =  0.172  <  1.000  --->  O.K. 

               phiMny            11937.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                115.57 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.172  +  0.019 ] 

                      =  0.202  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         52.02 kN. 

                 Vuy                52.02 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        489.63 kN. 

                 Vuz               489.63 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.65367e+000,  Lz   = 1.65367e+000,  Lb   = 1.65367e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -433.77     -1380.13      -698.83      -174.77      -238.71 

           ------------------------------------------------------------------------------- 

            TOTAL            -433.77     -1380.13      -698.83      -174.77      -238.71 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      433.77 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.00 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0396 

              Pey    =  (Area*Fy)/Lambda^2       = 20022303.12 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0995 

              Pez    =  (Area*Fy)/Lambda^2       =  3180483.92 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -433.77           -1380.13            -174.77 

           ---------------------------------------------------------------- 

            TOTAL            -433.77           -1380.13            -174.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1380.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -174.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3180483.9192 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.654 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0484e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3180483.9192 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         149.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21253.73 kN. 

           -. phiPn =  phi*Pn  =      19128.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                433.77 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19128.36 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11935.85 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11935.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1380.13 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMny            11935.85 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                174.77 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMnz             6075.37 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.116  +  0.029 ] 

                      =  0.156  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        181.87 kN. 

                 Vuy               181.87 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        509.75 kN. 

                 Vuz               509.75 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.07240e+000,  Lz   = 3.07240e+000,  Lb   = 3.07240e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -417.10      -506.48     -1658.82      -236.14      -295.86 

           ------------------------------------------------------------------------------- 

            TOTAL            -417.10      -506.48     -1658.82      -236.14      -295.86 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      417.10 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.57 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0737 

              Pey    =  (Area*Fy)/Lambda^2       =  5800375.60 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1848 

              Pez    =  (Area*Fy)/Lambda^2       =   921372.59 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -417.10           -1658.82            -295.86 

           ---------------------------------------------------------------- 

            TOTAL            -417.10           -1658.82            -295.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1658.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -295.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  921372.5921 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.072 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9342e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8673 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  921372.5921 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.23 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21108.07 kN. 

           -. phiPn =  phi*Pn  =      18997.26 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                417.10 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            18997.26 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11918.39 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11918.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1658.82 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiMny            11918.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                295.86 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             6073.57 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8675 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.139  +  0.049 ] 

                      =  0.199  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        220.32 kN. 

                 Vuy               220.32 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        554.47 kN. 

                 Vuz               554.47 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56577e+000,  Lz   = 1.56577e+000,  Lb   = 1.56577e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1731.67     -1071.20      -589.15      -104.32       -70.64 

           ------------------------------------------------------------------------------- 

            TOTAL           -1731.67     -1071.20      -589.15      -104.32       -70.64 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1731.67 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.84 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0375 

              Pey    =  (Area*Fy)/Lambda^2       = 22333501.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0942 

              Pez    =  (Area*Fy)/Lambda^2       =  3547610.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1731.67           -1071.20            -104.32 

           ---------------------------------------------------------------- 

            TOTAL           -1731.67           -1071.20            -104.32 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1071.20 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -104.32 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3547610.9742 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.566 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2849e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3547610.9742 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         166.45 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21259.90 kN. 

           -. phiPn =  phi*Pn  =      19133.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1731.67 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19133.91 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.93 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8685 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.93 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1071.20 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiMny            11936.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                104.32 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.090  +  0.017 ] 

                      =  0.152  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        166.82 kN. 

                 Vuy               166.82 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        354.84 kN. 

                 Vuz               354.84 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43570e+000,  Lz   = 1.43570e+000,  Lb   = 1.43570e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1732.79      -588.64      -402.73       -70.71       -77.26 

           ------------------------------------------------------------------------------- 

            TOTAL           -1732.79      -588.64      -402.73       -70.71       -77.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1732.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26563509.82 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0864 

              Pez    =  (Area*Fy)/Lambda^2       =  4219535.35 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1732.79            -588.64             -70.71 

           ---------------------------------------------------------------- 

            TOTAL           -1732.79            -588.64             -70.71 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -588.64 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -70.71 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4219535.3513 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.436 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7176e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4219535.3513 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         197.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.42 kN. 

           -. phiPn =  phi*Pn  =      19141.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1732.79 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                588.64 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 70.71 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.049  +  0.012 ] 

                      =  0.106  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         69.29 kN. 

                 Vuy                69.29 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        293.67 kN. 

                 Vuz               293.67 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43427e+000,  Lz   = 1.43427e+000,  Lb   = 1.43427e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1807.16             875.75             107.68 

           ---------------------------------------------------------------- 

            TOTAL            1807.16             875.75             107.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      875.75 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      107.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1807.16 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.55 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8702 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                875.75 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMny            11938.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                107.68 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.073  +  0.018 ] 

                      =  0.121  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         30.42 kN. 

                 Vuy                30.42 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        238.31 kN. 

                 Vuz               238.31 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43534e+000,  Lz   = 1.43534e+000,  Lb   = 1.43534e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1806.31            1027.26              94.12 

           ---------------------------------------------------------------- 

            TOTAL            1806.31            1027.26              94.12 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1027.26 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       94.12 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1806.31 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1027.26 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 94.12 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.086  +  0.015 ] 

                      =  0.132  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         56.37 kN. 

                 Vuy                56.37 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        180.61 kN. 

                 Vuz               180.61 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43527e+000,  Lz   = 1.43527e+000,  Lb   = 1.43527e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1805.71            1027.27              94.21 

           ---------------------------------------------------------------- 

            TOTAL            1805.71            1027.27              94.21 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1027.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       94.21 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1805.71 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1027.27 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 94.21 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.086  +  0.016 ] 

                      =  0.132  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         62.99 kN. 

                 Vuy                62.99 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        124.09 kN. 

                 Vuz               124.09 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56632e+000,  Lz   = 1.56632e+000,  Lb   = 1.56632e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1803.19            1117.03             297.29 

           ---------------------------------------------------------------- 

            TOTAL            1803.19            1117.03             297.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1117.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      297.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1803.19 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.92 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8723 DE 12066 

 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1117.03 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMny            11936.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                297.29 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.094  +  0.049 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        275.99 kN. 

                 Vuy               275.99 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         78.70 kN. 

                 Vuz                78.70 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8727 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56522e+000,  Lz   = 1.56522e+000,  Lb   = 1.56522e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1762.67            1086.18             300.88 

           ---------------------------------------------------------------- 

            TOTAL            1762.67            1086.18             300.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1086.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      300.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1762.67 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.94 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.94 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1086.18 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMny            11936.94 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                300.88 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.091  +  0.050 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        284.89 kN. 

                 Vuy               284.89 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =         93.27 kN. 

                 Vuz                93.27 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43595e+000,  Lz   = 1.43595e+000,  Lb   = 1.43595e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1762.92             966.19             101.06 

           ---------------------------------------------------------------- 

            TOTAL            1762.92             966.19             101.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      966.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      101.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1762.92 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                966.19 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                101.06 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.081  +  0.017 ] 

                      =  0.127  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         79.71 kN. 

                 Vuy                79.71 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        136.21 kN. 

                 Vuz               136.21 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43521e+000,  Lz   = 1.43521e+000,  Lb   = 1.43521e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1762.60             965.77             101.17 

           ---------------------------------------------------------------- 

            TOTAL            1762.60             965.77             101.17 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      965.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      101.17 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1762.60 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                965.77 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                101.17 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.081  +  0.017 ] 

                      =  0.127  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         49.60 kN. 

                 Vuy                49.60 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        183.37 kN. 

                 Vuz               183.37 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43533e+000,  Lz   = 1.43533e+000,  Lb   = 1.43533e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1762.05             807.99             124.28 

           ---------------------------------------------------------------- 

            TOTAL            1762.05             807.99             124.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      807.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      124.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1762.05 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                807.99 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                124.28 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.068  +  0.020 ] 

                      =  0.118  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         29.85 kN. 

                 Vuy                29.85 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        233.67 kN. 

                 Vuz               233.67 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43476e+000,  Lz   = 1.43476e+000,  Lb   = 1.43476e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1733.40      -385.37      -576.95       -87.93       -71.37 

           ------------------------------------------------------------------------------- 

            TOTAL           -1733.40      -385.37      -576.95       -87.93       -71.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1733.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26598131.36 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0863 

              Pez    =  (Area*Fy)/Lambda^2       =  4225034.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1733.40            -576.95             -71.37 

           ---------------------------------------------------------------- 

            TOTAL           -1733.40            -576.95             -71.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -576.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -71.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4225034.8813 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.435 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7212e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4225034.8813 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         198.23 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.47 kN. 

           -. phiPn =  phi*Pn  =      19141.63 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1733.40 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.54 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                576.95 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMny            11938.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 71.37 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.048  +  0.012 ] 

                      =  0.105  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        102.26 kN. 

                 Vuy               102.26 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        291.37 kN. 

                 Vuz               291.37 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56565e+000,  Lz   = 1.56565e+000,  Lb   = 1.56565e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1734.93      -577.82     -1041.15       -71.56      -115.82 

           ------------------------------------------------------------------------------- 

            TOTAL           -1734.93      -577.82     -1041.15       -71.56      -115.82 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1734.93 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.84 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0375 

              Pey    =  (Area*Fy)/Lambda^2       = 22336781.43 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.12 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0942 

              Pez    =  (Area*Fy)/Lambda^2       =  3548131.99 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1734.93           -1041.15            -115.82 

           ---------------------------------------------------------------- 

            TOTAL           -1734.93           -1041.15            -115.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1041.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -115.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3548131.9868 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.566 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2852e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3548131.9868 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         166.47 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21259.91 kN. 

           -. phiPn =  phi*Pn  =      19133.92 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1734.93 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19133.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.93 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.93 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1041.15 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMny            11936.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                115.82 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.087  +  0.019 ] 

                      =  0.152  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        181.49 kN. 

                 Vuy               181.49 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        351.72 kN. 

                 Vuz               351.72 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.07304e+000,  Lz   = 3.07304e+000,  Lb   = 3.07304e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1108.65     -1033.30      -742.36      -180.10      -350.48 

           ------------------------------------------------------------------------------- 

            TOTAL           -1108.65     -1033.30      -742.36      -180.10      -350.48 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1108.65 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.57 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0737 

              Pey    =  (Area*Fy)/Lambda^2       =  5797961.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1848 

              Pez    =  (Area*Fy)/Lambda^2       =   920989.16 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1108.65            -742.36            -350.48 

           ---------------------------------------------------------------- 

            TOTAL           -1108.65            -742.36            -350.48 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -742.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -350.48 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  920989.1566 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.073 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9317e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  920989.1566 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.21 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21107.98 kN. 

           -. phiPn =  phi*Pn  =      18997.18 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1108.65 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            18997.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11918.38 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11918.38 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                742.36 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiMny            11918.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                350.48 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             6073.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.062  +  0.058 ] 

                      =  0.149  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        199.22 kN. 

                 Vuy               199.22 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        390.21 kN. 

                 Vuz               390.21 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.65545e+000,  Lz   = 1.65545e+000,  Lb   = 1.65545e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -850.60      -791.17      -723.99      -341.53       -71.67 

           ------------------------------------------------------------------------------- 

            TOTAL            -850.60      -791.17      -723.99      -341.53       -71.67 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      850.60 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.00 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0397 

              Pey    =  (Area*Fy)/Lambda^2       = 19979241.31 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0996 

              Pez    =  (Area*Fy)/Lambda^2       =  3173643.68 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -850.60            -791.17            -341.53 

           ---------------------------------------------------------------- 

            TOTAL            -850.60            -791.17            -341.53 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -791.17 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -341.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3173643.6771 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.655 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0440e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3173643.6771 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         148.90 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21253.60 kN. 

           -. phiPn =  phi*Pn  =      19128.24 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                850.60 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19128.24 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11935.83 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11935.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                791.17 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMny            11935.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.36 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                341.53 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             6075.36 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.066  +  0.056 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        172.44 kN. 

                 Vuy               172.44 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        351.45 kN. 

                 Vuz               351.45 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49214e+000,  Lz   = 1.49214e+000,  Lb   = 1.49214e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -197.49     -1080.25     -1479.22      -160.31      -135.25 

           ------------------------------------------------------------------------------- 

            TOTAL            -197.49     -1080.25     -1479.22      -160.31      -135.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      197.49 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.71 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0358 

              Pey    =  (Area*Fy)/Lambda^2       = 24591810.30 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0897 

              Pez    =  (Area*Fy)/Lambda^2       =  3906336.69 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -197.49           -1479.22            -135.25 

           ---------------------------------------------------------------- 

            TOTAL            -197.49           -1479.22            -135.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1479.22 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -135.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3906336.6857 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.492 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5159e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3906336.6857 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.28 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.81 kN. 

           -. phiPn =  phi*Pn  =      19138.33 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                197.49 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19138.33 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1479.22 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny            11937.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                135.25 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.124  +  0.022 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         29.12 kN. 

                 Vuy                29.12 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        334.20 kN. 

                 Vuz               334.20 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9025,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40741e+000,  Lz   = 1.40741e+000,  Lb   = 1.40741e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1254.98     -1758.74     -1104.50      -194.82       -73.51 

           ------------------------------------------------------------------------------- 

            TOTAL           -1254.98     -1758.74     -1104.50      -194.82       -73.51 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1254.98 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27642021.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0847 

              Pez    =  (Area*Fy)/Lambda^2       =  4390853.68 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1254.98           -1758.74            -194.82 

           ---------------------------------------------------------------- 

            TOTAL           -1254.98           -1758.74            -194.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1758.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -194.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4390853.6818 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8280e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4390853.6818 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.17 kN. 

           -. phiPn =  phi*Pn  =      19143.15 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1254.98 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            19143.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1758.74 

           -. --------  =  ---------------  =  0.147  <  1.000  --->  O.K. 

               phiMny            11938.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                194.82 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.147  +  0.032 ] 

                      =  0.212  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        133.25 kN. 

                 Vuy               133.25 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        595.88 kN. 

                 Vuz               595.88 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9026,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40727e+000,  Lz   = 1.40727e+000,  Lb   = 1.40727e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1776.97            1316.98             122.06 

           ---------------------------------------------------------------- 

            TOTAL            1776.97            1316.98             122.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1316.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      122.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1776.97 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1316.98 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny            11938.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                122.06 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.110  +  0.020 ] 

                      =  0.160  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        114.23 kN. 

                 Vuy               114.23 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        546.72 kN. 

                 Vuz               546.72 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9027,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53599e+000,  Lz   = 1.53599e+000,  Lb   = 1.53599e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1775.36            1513.61             367.80 

           ---------------------------------------------------------------- 

            TOTAL            1775.36            1513.61             367.80 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1513.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      367.80 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1775.36 

           -. -------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.30 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.30 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1513.61 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny            11937.30 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                367.80 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.127  +  0.061 ] 

                      =  0.217  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        260.97 kN. 

                 Vuy               260.97 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        495.15 kN. 

                 Vuz               495.15 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9028,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53480e+000,  Lz   = 1.53480e+000,  Lb   = 1.53480e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1824.37            1516.10             353.48 

           ---------------------------------------------------------------- 

            TOTAL            1824.37            1516.10             353.48 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1516.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      353.48 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1824.37 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.31 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.31 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1516.10 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMny            11937.31 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.52 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.52 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                353.48 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             6075.52 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.127  +  0.058 ] 

                      =  0.216  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        260.84 kN. 

                 Vuy               260.84 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        464.10 kN. 

                 Vuz               464.10 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9029,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40803e+000,  Lz   = 1.40803e+000,  Lb   = 1.40803e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1823.47            1331.57             123.07 

           ---------------------------------------------------------------- 

            TOTAL            1823.47            1331.57             123.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1331.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      123.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1823.47 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1331.57 

           -. --------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiMny            11938.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                123.07 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.112  +  0.020 ] 

                      =  0.162  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        110.98 kN. 

                 Vuy               110.98 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        512.91 kN. 

                 Vuz               512.91 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40724e+000,  Lz   = 1.40724e+000,  Lb   = 1.40724e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1461.37      -775.82     -1185.97      -105.58      -266.29 

           ------------------------------------------------------------------------------- 

            TOTAL           -1461.37      -775.82     -1185.97      -105.58      -266.29 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1461.37 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0337 

              Pey    =  (Area*Fy)/Lambda^2       = 27648595.38 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.40 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0846 

              Pez    =  (Area*Fy)/Lambda^2       =  4391898.00 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1461.37           -1185.97            -266.29 

           ---------------------------------------------------------------- 

            TOTAL           -1461.37           -1185.97            -266.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1185.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -266.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4391897.9982 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8287e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4391897.9982 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         206.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21270.18 kN. 

           -. phiPn =  phi*Pn  =      19143.16 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1461.37 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            19143.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1185.97 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny            11938.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                266.29 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMnz             6075.68 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.099  +  0.044 ] 

                      =  0.181  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8859 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        145.58 kN. 

                 Vuy               145.58 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        560.91 kN. 

                 Vuz               560.91 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49220e+000,  Lz   = 1.49220e+000,  Lb   = 1.49220e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -378.53     -1525.22     -1109.28      -106.62      -191.39 

           ------------------------------------------------------------------------------- 

            TOTAL            -378.53     -1525.22     -1109.28      -106.62      -191.39 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      378.53 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.71 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0358 

              Pey    =  (Area*Fy)/Lambda^2       = 24590032.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0898 

              Pez    =  (Area*Fy)/Lambda^2       =  3906054.23 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -378.53           -1525.22            -106.62 

           ---------------------------------------------------------------- 

            TOTAL            -378.53           -1525.22            -106.62 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1525.22 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -106.62 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8864 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3906054.2342 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.492 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5157e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3906054.2342 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.27 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.81 kN. 

           -. phiPn =  phi*Pn  =      19138.33 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                378.53 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.33 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1525.22 

           -. --------  =  ---------------  =  0.128  <  1.000  --->  O.K. 

               phiMny            11937.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                106.62 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.128  +  0.018 ] 

                      =  0.155  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         62.01 kN. 

                 Vuy                62.01 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        341.17 kN. 

                 Vuz               341.17 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.65518e+000,  Lz   = 1.65518e+000,  Lb   = 1.65518e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -849.36      -713.81      -761.20       -69.02      -360.46 

           ------------------------------------------------------------------------------- 

            TOTAL            -849.36      -713.81      -761.20       -69.02      -360.46 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      849.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.00 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0397 

              Pey    =  (Area*Fy)/Lambda^2       = 19985651.56 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0996 

              Pez    =  (Area*Fy)/Lambda^2       =  3174661.93 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -849.36            -761.20            -360.46 

           ---------------------------------------------------------------- 

            TOTAL            -849.36            -761.20            -360.46 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -761.20 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -360.46 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8876 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3174661.9273 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.655 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0447e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3174661.9273 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         148.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21253.62 kN. 

           -. phiPn =  phi*Pn  =      19128.26 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                849.36 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19128.26 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11935.83 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11935.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                761.20 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiMny            11935.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.36 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                360.46 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiMnz             6075.36 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.064  +  0.059 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        184.98 kN. 

                 Vuy               184.98 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        361.07 kN. 

                 Vuz               361.07 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.07294e+000,  Lz   = 3.07294e+000,  Lb   = 3.07294e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -366.86      -495.13     -1372.46      -228.55      -285.72 

           ------------------------------------------------------------------------------- 

            TOTAL            -366.86      -495.13     -1372.46      -228.55      -285.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      366.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.57 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0737 

              Pey    =  (Area*Fy)/Lambda^2       =  5798345.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1848 

              Pez    =  (Area*Fy)/Lambda^2       =   921050.11 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -366.86           -1372.46            -285.72 

           ---------------------------------------------------------------- 

            TOTAL            -366.86           -1372.46            -285.72 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1372.46 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -285.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  921050.1142 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.073 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9321e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8889 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  921050.1142 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.21 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21108.00 kN. 

           -. phiPn =  phi*Pn  =      18997.20 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                366.86 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            18997.20 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11918.38 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11918.38 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1372.46 

           -. --------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiMny            11918.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                285.72 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiMnz             6073.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.115  +  0.047 ] 

                      =  0.172  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        213.16 kN. 

                 Vuy               213.16 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        407.25 kN. 

                 Vuz               407.25 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48863e+000,  Lz   = 1.48863e+000,  Lb   = 1.48863e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1713.80     -1011.73      -579.80      -105.82       -72.97 

           ------------------------------------------------------------------------------- 

            TOTAL           -1713.80     -1011.73      -579.80      -105.82       -72.97 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1713.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24707820.61 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.77 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0895 

              Pez    =  (Area*Fy)/Lambda^2       =  3924764.58 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1713.80           -1011.73            -105.82 

           ---------------------------------------------------------------- 

            TOTAL           -1713.80           -1011.73            -105.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1011.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -105.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8898 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3924764.5815 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.489 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5278e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8900 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3924764.5815 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.15 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21265.04 kN. 

           -. phiPn =  phi*Pn  =      19138.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1713.80 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19138.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1011.73 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiMny            11937.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                105.82 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.085  +  0.017 ] 

                      =  0.147  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        148.99 kN. 

                 Vuy               148.99 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        337.53 kN. 

                 Vuz               337.53 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43695e+000,  Lz   = 1.43695e+000,  Lb   = 1.43695e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1716.20      -579.35      -412.01       -73.40       -88.11 

           ------------------------------------------------------------------------------- 

            TOTAL           -1716.20      -579.35      -412.01       -73.40       -88.11 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1716.20 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.61 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26517209.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.54 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0864 

              Pez    =  (Area*Fy)/Lambda^2       =  4212180.68 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1716.20            -579.35             -73.40 

           ---------------------------------------------------------------- 

            TOTAL           -1716.20            -579.35             -73.40 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -579.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -73.40 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4212180.6772 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.437 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7129e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4212180.6772 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         197.63 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.34 kN. 

           -. phiPn =  phi*Pn  =      19141.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1716.20 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                579.35 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 73.40 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.049  +  0.012 ] 

                      =  0.105  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         53.38 kN. 

                 Vuy                53.38 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        281.02 kN. 

                 Vuz               281.02 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43560e+000,  Lz   = 1.43560e+000,  Lb   = 1.43560e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1798.49             788.84             117.37 

           ---------------------------------------------------------------- 

            TOTAL            1798.49             788.84             117.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      788.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      117.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1798.49 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                788.84 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                117.37 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.066  +  0.019 ] 

                      =  0.115  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         29.19 kN. 

                 Vuy                29.19 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        223.23 kN. 

                 Vuz               223.23 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43724e+000,  Lz   = 1.43724e+000,  Lb   = 1.43724e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1796.76             932.65              96.66 

           ---------------------------------------------------------------- 

            TOTAL            1796.76             932.65              96.66 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      932.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       96.66 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1796.76 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.51 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.51 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                932.65 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiMny            11938.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 96.66 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.078  +  0.016 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         46.20 kN. 

                 Vuy                46.20 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        166.85 kN. 

                 Vuz               166.85 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43595e+000,  Lz   = 1.43595e+000,  Lb   = 1.43595e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1795.59             932.42              96.98 

           ---------------------------------------------------------------- 

            TOTAL            1795.59             932.42              96.98 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      932.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       96.98 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1795.59 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                932.42 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 96.98 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.078  +  0.016 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         53.84 kN. 

                 Vuy                53.84 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        111.49 kN. 

                 Vuz               111.49 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48889e+000,  Lz   = 1.48889e+000,  Lb   = 1.48889e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1792.06            1000.06             315.20 

           ---------------------------------------------------------------- 

            TOTAL            1792.06            1000.06             315.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1000.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      315.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1792.06 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1000.06 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMny            11937.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                315.20 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.084  +  0.052 ] 

                      =  0.166  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        296.97 kN. 

                 Vuy               296.97 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         79.88 kN. 

                 Vuz                79.88 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48873e+000,  Lz   = 1.48873e+000,  Lb   = 1.48873e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1837.80            1011.73             290.06 

           ---------------------------------------------------------------- 

            TOTAL            1837.80            1011.73             290.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1011.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      290.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1837.80 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.88 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.88 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1011.73 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiMny            11937.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                290.06 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             6075.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.085  +  0.048 ] 

                      =  0.163  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8948 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        294.45 kN. 

                 Vuy               294.45 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =         72.99 kN. 

                 Vuz                72.99 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43666e+000,  Lz   = 1.43666e+000,  Lb   = 1.43666e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1836.45             898.39              99.83 

           ---------------------------------------------------------------- 

            TOTAL            1836.45             898.39              99.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      898.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       99.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1836.45 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                898.39 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 99.83 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.075  +  0.016 ] 

                      =  0.122  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         80.55 kN. 

                 Vuy                80.55 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        125.91 kN. 

                 Vuz               125.91 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43566e+000,  Lz   = 1.43566e+000,  Lb   = 1.43566e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1835.46             897.71             100.00 

           ---------------------------------------------------------------- 

            TOTAL            1835.46             897.71             100.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      897.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      100.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1835.46 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                897.71 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                100.00 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.075  +  0.016 ] 

                      =  0.122  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         42.41 kN. 

                 Vuy                42.41 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        181.25 kN. 

                 Vuz               181.25 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43681e+000,  Lz   = 1.43681e+000,  Lb   = 1.43681e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1833.72             741.43             118.57 

           ---------------------------------------------------------------- 

            TOTAL            1833.72             741.43             118.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      741.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      118.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1833.72 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                741.43 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                118.57 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.062  +  0.020 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         26.11 kN. 

                 Vuy                26.11 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        238.88 kN. 

                 Vuz               238.88 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43604e+000,  Lz   = 1.43604e+000,  Lb   = 1.43604e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1765.52      -480.34      -692.74       -77.34       -72.11 

           ------------------------------------------------------------------------------- 

            TOTAL           -1765.52      -480.34      -692.74       -77.34       -72.11 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1765.52 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.60 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26550873.45 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0864 

              Pez    =  (Area*Fy)/Lambda^2       =  4217528.10 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1765.52            -692.74             -72.11 

           ---------------------------------------------------------------- 

            TOTAL           -1765.52            -692.74             -72.11 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -692.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -72.11 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4217528.1008 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.436 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7164e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4217528.1008 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         197.88 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.39 kN. 

           -. phiPn =  phi*Pn  =      19141.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1765.52 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                692.74 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 72.11 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.058  +  0.012 ] 

                      =  0.116  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        116.30 kN. 

                 Vuy               116.30 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        295.42 kN. 

                 Vuz               295.42 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.48934e+000,  Lz   = 1.48934e+000,  Lb   = 1.48934e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1767.70      -693.57     -1151.21       -72.45       -97.41 

           ------------------------------------------------------------------------------- 

            TOTAL           -1767.70      -693.57     -1151.21       -72.45       -97.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1767.70 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0357 

              Pey    =  (Area*Fy)/Lambda^2       = 24684295.14 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0896 

              Pez    =  (Area*Fy)/Lambda^2       =  3921027.63 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1767.70           -1151.21             -97.41 

           ---------------------------------------------------------------- 

            TOTAL           -1767.70           -1151.21             -97.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1151.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -97.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 8987 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3921027.6305 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.489 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5254e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3921027.6305 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.97 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.99 kN. 

           -. phiPn =  phi*Pn  =      19138.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1767.70 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19138.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.87 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1151.21 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny            11937.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 97.41 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.096  +  0.016 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        213.18 kN. 

                 Vuy               213.18 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        353.07 kN. 

                 Vuz               353.07 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.07369e+000,  Lz   = 3.07369e+000,  Lb   = 3.07369e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -611.06     -1025.21      -502.87      -426.07      -365.56 

           ------------------------------------------------------------------------------- 

            TOTAL            -611.06     -1025.21      -502.87      -426.07      -365.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      611.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.57 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0737 

              Pey    =  (Area*Fy)/Lambda^2       =  5795485.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1849 

              Pez    =  (Area*Fy)/Lambda^2       =   920595.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -611.06           -1025.21            -426.07 

           ---------------------------------------------------------------- 

            TOTAL            -611.06           -1025.21            -426.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1025.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -426.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  920595.8085 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.074 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9292e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  920595.8085 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21107.89 kN. 

           -. phiPn =  phi*Pn  =      18997.11 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                611.06 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            18997.11 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11918.37 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11918.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1025.21 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiMny            11918.37 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                426.07 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiMnz             6073.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.086  +  0.070 ] 

                      =  0.172  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        286.66 kN. 

                 Vuy               286.66 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        343.08 kN. 

                 Vuz               343.08 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.65497e+000,  Lz   = 1.65497e+000,  Lb   = 1.65497e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -565.92      -734.37      -966.66      -361.33      -373.37 

           ------------------------------------------------------------------------------- 

            TOTAL            -565.92      -734.37      -966.66      -361.33      -373.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      565.92 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.00 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0397 

              Pey    =  (Area*Fy)/Lambda^2       = 19990737.48 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0995 

              Pez    =  (Area*Fy)/Lambda^2       =  3175469.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -565.92            -966.66            -373.37 

           ---------------------------------------------------------------- 

            TOTAL            -565.92            -966.66            -373.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -966.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -373.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3175469.8098 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.655 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0452e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3175469.8098 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         148.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21253.64 kN. 

           -. phiPn =  phi*Pn  =      19128.27 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                565.92 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19128.27 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11935.83 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11935.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                966.66 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMny            11935.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                373.37 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMnz             6075.37 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.081  +  0.061 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        188.56 kN. 

                 Vuy               188.56 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        301.99 kN. 

                 Vuz               301.99 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49202e+000,  Lz   = 1.49202e+000,  Lb   = 1.49202e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -536.20     -1001.38     -1247.21      -364.40      -329.74 

           ------------------------------------------------------------------------------- 

            TOTAL            -536.20     -1001.38     -1247.21      -364.40      -329.74 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      536.20 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.71 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0358 

              Pey    =  (Area*Fy)/Lambda^2       = 24595765.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0897 

              Pez    =  (Area*Fy)/Lambda^2       =  3906964.89 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -536.20           -1247.21            -329.74 

           ---------------------------------------------------------------- 

            TOTAL            -536.20           -1247.21            -329.74 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9018 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1247.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -329.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3906964.8918 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.492 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5163e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3906964.8918 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.31 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.82 kN. 

           -. phiPn =  phi*Pn  =      19138.34 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                536.20 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            19138.34 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1247.21 

           -. --------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiMny            11937.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                329.74 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.104  +  0.054 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         28.75 kN. 

                 Vuy                28.75 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        285.44 kN. 

                 Vuz               285.44 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40715e+000,  Lz   = 1.40715e+000,  Lb   = 1.40715e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2140.03     -1095.53      -675.05      -457.42      -194.70 

           ------------------------------------------------------------------------------- 

            TOTAL           -2140.03     -1095.53      -675.05      -457.42      -194.70 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9028 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2140.03 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.56 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0338 

              Pey    =  (Area*Fy)/Lambda^2       = 31379581.08 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.44 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0852 

              Pez    =  (Area*Fy)/Lambda^2       =  4948382.44 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2140.03           -1095.53            -457.42 

           ---------------------------------------------------------------- 

            TOTAL           -2140.03           -1095.53            -457.42 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1095.53 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -457.42 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9031 DE 12066 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4948382.4355 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8463e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4948382.4355 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         188.59 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26180.43 kN. 

           -. phiPn =  phi*Pn  =      23562.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2140.03 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            23562.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1095.53 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                457.42 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.081  +  0.067 ] 

                      =  0.193  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        189.13 kN. 

                 Vuy               189.13 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        504.71 kN. 

                 Vuz               504.71 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40784e+000,  Lz   = 1.40784e+000,  Lb   = 1.40784e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1610.98            1303.39             142.86 

           ---------------------------------------------------------------- 

            TOTAL            1610.98            1303.39             142.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1303.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      142.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1610.98 

           -. -------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1303.39 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny            13547.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                142.86 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.096  +  0.021 ] 

                      =  0.141  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        183.95 kN. 

                 Vuy               183.95 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        453.63 kN. 

                 Vuz               453.63 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53508e+000,  Lz   = 1.53508e+000,  Lb   = 1.53508e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1896.81            1528.58             455.24 

           ---------------------------------------------------------------- 

            TOTAL            1896.81            1528.58             455.24 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1528.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      455.24 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1896.81 

           -. -------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1528.58 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny            13546.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                455.24 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.113  +  0.067 ] 

                      =  0.207  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        356.93 kN. 

                 Vuy               356.93 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        399.43 kN. 

                 Vuz               399.43 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz            15784.06 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9051 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53605e+000,  Lz   = 1.53605e+000,  Lb   = 1.53605e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9052 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2244.99            1642.80             342.77 

           ---------------------------------------------------------------- 

            TOTAL            2244.99            1642.80             342.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1642.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      342.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2244.99 

           -. -------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.18 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1642.80 

           -. --------  =  ---------------  =  0.121  <  1.000  --->  O.K. 

               phiMny            13546.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                342.77 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.121  +  0.050 ] 

                      =  0.204  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =        278.06 kN. 

                 Vuy               278.06 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        144.86 kN. 

                 Vuz               144.86 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40735e+000,  Lz   = 1.40735e+000,  Lb   = 1.40735e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2613.80            1589.25             105.18 

           ---------------------------------------------------------------- 

            TOTAL            2613.80            1589.25             105.18 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1589.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      105.18 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2613.80 

           -. -------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1589.25 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                105.18 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.117  +  0.015 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =         55.24 kN. 

                 Vuy                55.24 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        203.89 kN. 

                 Vuz               203.89 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40729e+000,  Lz   = 1.40729e+000,  Lb   = 1.40729e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2613.50            1590.90             105.29 

           ---------------------------------------------------------------- 

            TOTAL            2613.50            1590.90             105.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1590.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      105.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2613.50 

           -. -------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1590.90 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                105.29 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.117  +  0.015 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         19.98 kN. 

                 Vuy                19.98 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        264.56 kN. 

                 Vuz               264.56 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40740e+000,  Lz   = 1.40740e+000,  Lb   = 1.40740e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2613.24            1499.84             132.07 

           ---------------------------------------------------------------- 

            TOTAL            2613.24            1499.84             132.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1499.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      132.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2613.24 

           -. -------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1499.84 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                132.07 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.111  +  0.019 ] 

                      =  0.168  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         11.73 kN. 

                 Vuy                11.73 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        325.22 kN. 

                 Vuz               325.22 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40744e+000,  Lz   = 1.40744e+000,  Lb   = 1.40744e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2907.73     -1051.06     -1329.94       -96.92       -56.03 

           ------------------------------------------------------------------------------- 

            TOTAL           -2907.73     -1051.06     -1329.94       -96.92       -56.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2907.73 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.56 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0338 

              Pey    =  (Area*Fy)/Lambda^2       = 31366543.76 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.44 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0852 

              Pez    =  (Area*Fy)/Lambda^2       =  4946326.52 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2907.73           -1329.94             -56.03 

           ---------------------------------------------------------------- 

            TOTAL           -2907.73           -1329.94             -56.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1329.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -56.03 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4946326.5237 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8451e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4946326.5237 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         188.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26180.40 kN. 

           -. phiPn =  phi*Pn  =      23562.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2907.73 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            23562.36 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1329.94 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 56.03 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.062 + [  0.098  +  0.008 ] 

                      =  0.168  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        102.85 kN. 

                 Vuy               102.85 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        384.48 kN. 

                 Vuz               384.48 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53567e+000,  Lz   = 1.53567e+000,  Lb   = 1.53567e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2393.90      -785.52     -1222.38       -44.73      -691.96 

           ------------------------------------------------------------------------------- 

            TOTAL           -2393.90      -785.52     -1222.38       -44.73      -691.96 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9092 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2393.90 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.79 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0369 

              Pey    =  (Area*Fy)/Lambda^2       = 26346945.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0929 

              Pez    =  (Area*Fy)/Lambda^2       =  4154764.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2393.90           -1222.38            -691.96 

           ---------------------------------------------------------------- 

            TOTAL           -2393.90           -1222.38            -691.96 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1222.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -691.96 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4154764.2716 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.536 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.3898e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4154764.2716 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         158.35 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26169.33 kN. 

           -. phiPn =  phi*Pn  =      23552.40 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2393.90 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            23552.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1222.38 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiMny            13546.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                691.96 

           -. --------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.090  +  0.101 ] 

                      =  0.242  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        460.16 kN. 

                 Vuy               460.16 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        449.31 kN. 

                 Vuz               449.31 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53528e+000,  Lz   = 1.53528e+000,  Lb   = 1.53528e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2345.58     -1214.08      -797.47      -642.86       -41.96 

           ------------------------------------------------------------------------------- 

            TOTAL           -2345.58     -1214.08      -797.47      -642.86       -41.96 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2345.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.79 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0369 

              Pey    =  (Area*Fy)/Lambda^2       = 26360213.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0929 

              Pez    =  (Area*Fy)/Lambda^2       =  4156856.56 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2345.58           -1214.08            -642.86 

           ---------------------------------------------------------------- 

            TOTAL           -2345.58           -1214.08            -642.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1214.08 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -642.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4156856.5562 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.535 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.3910e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4156856.5562 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         158.43 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26169.36 kN. 

           -. phiPn =  phi*Pn  =      23552.43 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2345.58 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            23552.43 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1214.08 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiMny            13546.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                642.86 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.090  +  0.094 ] 

                      =  0.233  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        435.15 kN. 

                 Vuy               435.15 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        448.64 kN. 

                 Vuz               448.64 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40732e+000,  Lz   = 1.40732e+000,  Lb   = 1.40732e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9113 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2633.93     -1283.23     -1039.04       -58.15       -98.92 

           ------------------------------------------------------------------------------- 

            TOTAL           -2633.93     -1283.23     -1039.04       -58.15       -98.92 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2633.93 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.56 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0338 

              Pey    =  (Area*Fy)/Lambda^2       = 31371738.38 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.44 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0852 

              Pez    =  (Area*Fy)/Lambda^2       =  4947145.69 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2633.93           -1283.23             -58.15 

           ---------------------------------------------------------------- 

            TOTAL           -2633.93           -1283.23             -58.15 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1283.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -58.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4947145.6860 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8456e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4947145.6860 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         188.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26180.41 kN. 

           -. phiPn =  phi*Pn  =      23562.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2633.93 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            23562.37 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1283.23 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 58.15 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.095  +  0.008 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         92.68 kN. 

                 Vuy                92.68 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        384.30 kN. 

                 Vuz               384.30 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40784e+000,  Lz   = 1.40784e+000,  Lb   = 1.40784e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2369.97            1471.00             128.43 

           ---------------------------------------------------------------- 

            TOTAL            2369.97            1471.00             128.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1471.00 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      128.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2369.97 

           -. -------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.98 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1471.00 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny            13547.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                128.43 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.109  +  0.019 ] 

                      =  0.162  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         11.97 kN. 

                 Vuy                11.97 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        323.65 kN. 

                 Vuz               323.65 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40727e+000,  Lz   = 1.40727e+000,  Lb   = 1.40727e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2370.64            1578.49              97.12 

           ---------------------------------------------------------------- 

            TOTAL            2370.64            1578.49              97.12 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1578.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       97.12 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2370.64 

           -. -------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1578.49 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 97.12 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.117  +  0.014 ] 

                      =  0.165  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         23.23 kN. 

                 Vuy                23.23 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        264.35 kN. 

                 Vuz               264.35 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40686e+000,  Lz   = 1.40686e+000,  Lb   = 1.40686e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2372.41            1578.09              97.19 

           ---------------------------------------------------------------- 

            TOTAL            2372.41            1578.09              97.19 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1578.09 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       97.19 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2372.41 

           -. -------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1578.09 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 97.19 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.116  +  0.014 ] 

                      =  0.165  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         61.06 kN. 

                 Vuy                61.06 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        201.01 kN. 

                 Vuz               201.01 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53551e+000,  Lz   = 1.53551e+000,  Lb   = 1.53551e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      2226.67            1627.96             376.89 

           ---------------------------------------------------------------- 

            TOTAL            2226.67            1627.96             376.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1627.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      376.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2226.67 

           -. -------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1627.96 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny            13546.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                376.89 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.120  +  0.055 ] 

                      =  0.208  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        284.03 kN. 

                 Vuy               284.03 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        144.29 kN. 

                 Vuz               144.29 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.53538e+000,  Lz   = 1.53538e+000,  Lb   = 1.53538e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1723.50            1487.85             420.69 

           ---------------------------------------------------------------- 

            TOTAL            1723.50            1487.85             420.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1487.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      420.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1723.50 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13546.19 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13546.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1487.85 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny            13546.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.40 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                420.69 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMnz             6844.40 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.110  +  0.061 ] 

                      =  0.197  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =        350.29 kN. 

                 Vuy               350.29 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        402.64 kN. 

                 Vuz               402.64 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40827e+000,  Lz   = 1.40827e+000,  Lb   = 1.40827e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1722.67            1229.64             120.57 

           ---------------------------------------------------------------- 

            TOTAL            1722.67            1229.64             120.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1229.64 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      120.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      34092.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1722.67 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            34092.65 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.97 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.97 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1229.64 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMny            13547.97 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                120.57 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.091  +  0.018 ] 

                      =  0.134  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        172.27 kN. 

                 Vuy               172.27 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        453.37 kN. 

                 Vuz               453.37 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     5 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 1.04099e-001,  Asy  = 2.54000e-002,  Asz  = 8.12800e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.96828e-001,  Qzb  = 2.15063e-001 

         Syy  = 3.93567e-002,  Szz  = 1.98602e-002,  Zyy  = 5.04777e-002,  Zzz  = 2.18504e-002 

         Iyy  = 3.14853e-002,  Izz  = 4.96506e-003,  Iyz  = 0.00000e+000 

         ry   = 5.49959e-001,  rz   = 2.18393e-001 

         J    = 1.38444e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.40709e+000,  Lz   = 1.40709e+000,  Lb   = 1.40709e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1155.63     -1074.95     -1599.37      -134.45      -351.68 

           ------------------------------------------------------------------------------- 

            TOTAL           -1155.63     -1074.95     -1599.37      -134.45      -351.68 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1155.63 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.56 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0338 

              Pey    =  (Area*Fy)/Lambda^2       = 31382005.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.44 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0852 

              Pez    =  (Area*Fy)/Lambda^2       =  4948764.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1155.63           -1599.37            -351.68 

           ---------------------------------------------------------------- 

            TOTAL           -1155.63           -1599.37            -351.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1599.37 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -351.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.55 m. 

           -. DTRw  =  Dweb/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.911 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   1.017 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   1.017 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.077 m^2. 

           -. Qa1 =  A_eff/Area  =   0.740  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.55 m. 

           -. DTRf  =  Dflg/tw   =   60.99  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.856 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.998 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.998 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9171 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.076 m^2. 

           -. Qa2 =  A_eff/Area  =   0.731  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.731 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.731 

 

           -. Po  =  Q*Fy*Area  =  26238.5936 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4948764.8287 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.407 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8465e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4948764.8287 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         188.61 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       26180.43 kN. 

           -. phiPn =  phi*Pn  =      23562.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1155.63 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            23562.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      13547.99 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      13547.99 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1599.37 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny            13547.99 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6844.58 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6844.58 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6844.58 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                351.68 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiMnz             6844.58 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.118  +  0.051 ] 

                      =  0.194  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        179.55 kN. 

                 Vuy               179.55 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.97 

           -. Vp  =  0.58*Fyw*Asz  =      16251.78 kN. 

           -. Vnz =  C*Vp  =      15784.06 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        502.21 kN. 

                 Vuz               502.21 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            15784.06 
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      *. PROJECT     :  

      *. MEMBER NO   =   9067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.49232e+000,  Lz   = 1.49232e+000,  Lb   = 1.49232e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -413.33     -1535.68     -1127.75      -230.41      -283.63 

           ------------------------------------------------------------------------------- 

            TOTAL            -413.33     -1535.68     -1127.75      -230.41      -283.63 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      413.33 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.71 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0358 

              Pey    =  (Area*Fy)/Lambda^2       = 24585957.79 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0898 

              Pez    =  (Area*Fy)/Lambda^2       =  3905407.03 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -413.33           -1535.68            -230.41 

           ---------------------------------------------------------------- 

            TOTAL            -413.33           -1535.68            -230.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1535.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -230.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3905407.0306 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.492 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.5153e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3905407.0306 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         183.24 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21264.80 kN. 

           -. phiPn =  phi*Pn  =      19138.32 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                413.33 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19138.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11937.83 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11937.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1535.68 

           -. --------  =  ---------------  =  0.129  <  1.000  --->  O.K. 

               phiMny            11937.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                230.41 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMnz             6075.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.129  +  0.038 ] 

                      =  0.177  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         44.01 kN. 

                 Vuy                44.01 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        319.61 kN. 

                 Vuz               319.61 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.65420e+000,  Lz   = 1.65420e+000,  Lb   = 1.65420e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -420.32     -1106.10      -690.83      -273.94      -285.08 

           ------------------------------------------------------------------------------- 

            TOTAL            -420.32     -1106.10      -690.83      -273.94      -285.08 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      420.32 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.00 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0397 

              Pey    =  (Area*Fy)/Lambda^2       = 20009373.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.53 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0995 

              Pez    =  (Area*Fy)/Lambda^2       =  3178430.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -420.32           -1106.10            -273.94 

           ---------------------------------------------------------------- 

            TOTAL            -420.32           -1106.10            -273.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1106.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -273.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3178430.1464 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.654 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0471e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3178430.1464 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         149.13 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21253.69 kN. 

           -. phiPn =  phi*Pn  =      19128.32 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                420.32 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            19128.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11935.84 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11935.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1106.10 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiMny            11935.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                273.94 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz             6075.37 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.093  +  0.045 ] 

                      =  0.149  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        189.86 kN. 

                 Vuy               189.86 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        340.04 kN. 

                 Vuz               340.04 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.07369e+000,  Lz   = 3.07369e+000,  Lb   = 3.07369e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -440.17      -514.73     -1324.00      -280.38      -294.32 

           ------------------------------------------------------------------------------- 

            TOTAL            -440.17      -514.73     -1324.00      -280.38      -294.32 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      440.17 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.57 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0737 

              Pey    =  (Area*Fy)/Lambda^2       =  5795500.19 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1849 

              Pez    =  (Area*Fy)/Lambda^2       =   920598.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -440.17           -1324.00            -294.32 

           ---------------------------------------------------------------- 

            TOTAL            -440.17           -1324.00            -294.32 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1324.00 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -294.32 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  920598.1471 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.074 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9292e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  =  920598.1471 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.19 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21107.90 kN. 

           -. phiPn =  phi*Pn  =      18997.11 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                440.17 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            18997.11 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11918.37 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11918.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1324.00 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny            11918.37 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6073.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6073.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6073.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                294.32 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             6073.57 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.111  +  0.048 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        250.74 kN. 

                 Vuy               250.74 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        382.73 kN. 

                 Vuz               382.73 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56630e+000,  Lz   = 1.56630e+000,  Lb   = 1.56630e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1710.08     -1146.60      -572.68       -98.51       -62.15 

           ------------------------------------------------------------------------------- 

            TOTAL           -1710.08     -1146.60      -572.68       -98.51       -62.15 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9211 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1710.08 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.84 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0375 

              Pey    =  (Area*Fy)/Lambda^2       = 22318207.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0942 

              Pez    =  (Area*Fy)/Lambda^2       =  3545181.60 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1710.08           -1146.60             -98.51 

           ---------------------------------------------------------------- 

            TOTAL           -1710.08           -1146.60             -98.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1146.60 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -98.51 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3545181.6038 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.566 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2833e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3545181.6038 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         166.34 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21259.87 kN. 

           -. phiPn =  phi*Pn  =      19133.88 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1710.08 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19133.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.92 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1146.60 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMny            11936.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 98.51 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.096  +  0.016 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        249.25 kN. 

                 Vuy               249.25 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        392.07 kN. 

                 Vuz               392.07 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43652e+000,  Lz   = 1.43652e+000,  Lb   = 1.43652e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1712.77      -571.53      -315.91       -62.32       -54.40 

           ------------------------------------------------------------------------------- 

            TOTAL           -1712.77      -571.53      -315.91       -62.32       -54.40 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1712.77 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.61 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0344 

              Pey    =  (Area*Fy)/Lambda^2       = 26533117.85 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        6.54 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0864 

              Pez    =  (Area*Fy)/Lambda^2       =  4214707.68 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1712.77            -571.53             -62.32 

           ---------------------------------------------------------------- 

            TOTAL           -1712.77            -571.53             -62.32 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9223 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -571.53 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -62.32 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4214707.6761 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.437 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7145e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 4214707.6761 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         197.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21268.36 kN. 

           -. phiPn =  phi*Pn  =      19141.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1712.77 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19141.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                571.53 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 62.32 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9229 DE 12066 

 

 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.048  +  0.010 ] 

                      =  0.103  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        140.93 kN. 

                 Vuy               140.93 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        332.12 kN. 

                 Vuz               332.12 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43710e+000,  Lz   = 1.43710e+000,  Lb   = 1.43710e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       316.73            1069.76             210.87 

           ---------------------------------------------------------------- 

            TOTAL             316.73            1069.76             210.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1069.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      210.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                316.73 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.51 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.51 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1069.76 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiMny            11938.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                210.87 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.090  +  0.035 ] 

                      =  0.130  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         24.73 kN. 

                 Vuy                24.73 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        274.64 kN. 

                 Vuz               274.64 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43629e+000,  Lz   = 1.43629e+000,  Lb   = 1.43629e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1608.14            1182.15             103.77 

           ---------------------------------------------------------------- 

            TOTAL            1608.14            1182.15             103.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1182.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      103.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1608.14 

           -. -------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1182.15 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                103.77 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.099  +  0.017 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         54.31 kN. 

                 Vuy                54.31 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        218.10 kN. 

                 Vuz               218.10 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9245 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43597e+000,  Lz   = 1.43597e+000,  Lb   = 1.43597e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1606.87            1362.86              61.71 

           ---------------------------------------------------------------- 

            TOTAL            1606.87            1362.86              61.71 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1362.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       61.71 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1606.87 

           -. -------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1362.86 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 61.71 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.114  +  0.010 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9250 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         96.39 kN. 

                 Vuy                96.39 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        168.89 kN. 

                 Vuz               168.89 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56669e+000,  Lz   = 1.56669e+000,  Lb   = 1.56669e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1605.36            1468.10             260.74 

           ---------------------------------------------------------------- 

            TOTAL            1605.36            1468.10             260.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1468.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      260.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1605.36 

           -. -------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.92 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1468.10 

           -. --------  =  ---------------  =  0.123  <  1.000  --->  O.K. 

               phiMny            11936.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                260.74 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.123  +  0.043 ] 

                      =  0.193  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        274.08 kN. 

                 Vuy               274.08 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        122.49 kN. 

                 Vuz               122.49 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56710e+000,  Lz   = 1.56710e+000,  Lb   = 1.56710e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1541.90            1525.95             297.92 

           ---------------------------------------------------------------- 

            TOTAL            1541.90            1525.95             297.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1525.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      297.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     7.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1541.90 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.91 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.91 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1525.95 

           -. --------  =  ---------------  =  0.128  <  1.000  --->  O.K. 

               phiMny            11936.91 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                297.92 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.128  +  0.049 ] 

                      =  0.203  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    I ) 

           -. Applied shear force : Vuy =        270.10 kN. 

                 Vuy               270.10 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        108.54 kN. 

                 Vuz               108.54 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43741e+000,  Lz   = 1.43741e+000,  Lb   = 1.43741e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1540.40            1429.65             109.19 

           ---------------------------------------------------------------- 

            TOTAL            1540.40            1429.65             109.19 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1429.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      109.19 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1540.40 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.51 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.51 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1429.65 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny            11938.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                109.19 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.120  +  0.018 ] 

                      =  0.163  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         72.51 kN. 

                 Vuy                72.51 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9272 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        143.82 kN. 

                 Vuz               143.82 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43598e+000,  Lz   = 1.43598e+000,  Lb   = 1.43598e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1539.67            1428.86             109.46 

           ---------------------------------------------------------------- 

            TOTAL            1539.67            1428.86             109.46 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1428.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      109.46 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1539.67 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1428.86 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                109.46 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.120  +  0.018 ] 

                      =  0.163  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         68.24 kN. 

                 Vuy                68.24 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        191.06 kN. 

                 Vuz               191.06 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVnz            12007.89 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9280 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =   9079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43609e+000,  Lz   = 1.43609e+000,  Lb   = 1.43609e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9281 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1538.48            1256.85             123.12 

           ---------------------------------------------------------------- 

            TOTAL            1538.48            1256.85             123.12 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1256.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      123.12 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1538.48 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.53 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1256.85 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny            11938.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                123.12 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.105  +  0.020 ] 

                      =  0.151  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         22.55 kN. 

                 Vuy                22.55 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        238.23 kN. 

                 Vuz               238.23 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.43677e+000,  Lz   = 1.43677e+000,  Lb   = 1.43677e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1537.32            1005.21             131.45 

           ---------------------------------------------------------------- 

            TOTAL            1537.32            1005.21             131.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1005.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      131.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      29890.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1537.32 

           -. -------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiPn            29890.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11938.52 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11938.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1005.21 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMny            11938.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.64 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                131.45 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6075.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.084  +  0.022 ] 

                      =  0.132  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         96.04 kN. 

                 Vuy                96.04 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        284.97 kN. 

                 Vuz               284.97 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =   9081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     6 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x1600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      1.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 9.12686e-002,  Asy  = 2.22000e-002,  Asz  = 7.10400e-002 

         Ybar = 2.50000e-001,  Zbar = 8.00000e-001,  Qyb  = 4.99711e-001,  Qzb  = 2.17066e-001 

         Syy  = 3.46820e-002,  Szz  = 1.76292e-002,  Zyy  = 4.43744e-002,  Zzz  = 1.92755e-002 

         Iyy  = 2.77456e-002,  Izz  = 4.40731e-003,  Iyz  = 0.00000e+000 

         ry   = 5.51361e-001,  rz   = 2.19748e-001 

         J    = 1.22755e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.56692e+000,  Lz   = 1.56692e+000,  Lb   = 1.56692e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1776.31      -100.70      -285.00       -64.10      -192.81 

           ------------------------------------------------------------------------------- 

            TOTAL           -1776.31      -100.70      -285.00       -64.10      -192.81 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9296 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1776.31 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.84 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0376 

              Pey    =  (Area*Fy)/Lambda^2       = 22300609.40 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        7.13 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0942 

              Pez    =  (Area*Fy)/Lambda^2       =  3542386.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1776.31            -285.00            -192.81 

           ---------------------------------------------------------------- 

            TOTAL           -1776.31            -285.00            -192.81 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -285.00 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -192.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     7.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    1.56 m. 

           -. DTRw  =  Dweb/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.907 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.907 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa1 =  A_eff/Area  =   0.684  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    1.56 m. 

           -. DTRf  =  Dflg/tw   =   70.07  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.892 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.892 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.062 m^2. 

           -. Qa2 =  A_eff/Area  =   0.677  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.677 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.677 

 

           -. Po  =  Q*Fy*Area  =  21313.4286 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3542386.1668 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.567 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.2815e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 3542386.1668 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         166.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21259.82 kN. 

           -. phiPn =  phi*Pn  =      19133.84 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1776.31 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            19133.84 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11936.92 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11936.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                285.00 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMny            11936.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6075.48 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6075.48 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6075.48 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                192.81 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiMnz             6075.48 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.024  +  0.032 ] 

                      =  0.102  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        202.61 kN. 

                 Vuy               202.61 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    0.85 

           -. Vp  =  0.58*Fyw*Asz  =      14204.31 kN. 

           -. Vnz =  C*Vp  =      12007.89 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        335.34 kN. 

                 Vuz               335.34 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz            12007.89 
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      *. PROJECT     :  

      *. MEMBER NO   =  11001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24994e+000,  Lz   = 4.24994e+000,  Lb   = 4.24994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1571.86      -494.95      -356.51       -19.73       -99.58 

           ------------------------------------------------------------------------------- 

            TOTAL           -1571.86      -494.95      -356.51       -19.73       -99.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1571.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271873.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204467.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1571.86            -494.95             -19.73 

           ---------------------------------------------------------------- 

            TOTAL           -1571.86            -494.95             -19.73 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -494.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -19.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204467.7719 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1745e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204467.7719 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.65 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.74 kN. 

           -. phiPn =  phi*Pn  =      14068.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1571.86 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            14068.57 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                494.95 

           -. --------  =  ---------------  =  0.174  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 19.73 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.056 + [  0.174  +  0.008 ] 

                      =  0.237  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         32.67 kN. 

                 Vuy                32.67 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9315 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        139.67 kN. 

                 Vuz               139.67 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       281.15              53.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL             281.15              53.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       53.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                281.15 

           -. -------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9320 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 53.34 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.130  +  0.000 ] 

                      =  0.172  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         50.20 kN. 

                 Vuz                50.20 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       258.11              53.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL             258.11              53.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       53.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                258.11 

           -. -------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 53.34 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.130  +  0.000 ] 

                      =  0.169  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         50.20 kN. 

                 Vuz                50.20 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88994e+000,  Lz   = 1.88994e+000,  Lb   = 1.88994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1472.78             978.82              76.86 

           ---------------------------------------------------------------- 

            TOTAL            1472.78             978.82              76.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      978.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       76.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1472.78 

           -. -------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                978.82 

           -. --------  =  ---------------  =  0.305  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 76.86 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.305  +  0.027 ] 

                      =  0.373  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         44.55 kN. 

                 Vuy                44.55 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1067.99 kN. 

                 Vuz              1067.99 

           -. --------  =  ---------------  =  0.175  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11005,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       233.83              50.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             233.83              50.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                233.83 

           -. -------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9354 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.94 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.124  +  0.000 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.95 kN. 

                 Vuz                47.95 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11006,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       175.78              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             175.78              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                175.78 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9364 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.119  +  0.000 ] 

                      =  0.146  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       355.59              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             355.59              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                355.59 

           -. -------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.119  +  0.000 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9382 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89923e-001,  Lz   = 4.89923e-001,  Lb   = 4.89923e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9384 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       518.12               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             518.12               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                518.12 

           -. -------  =  ---------------  =  0.157  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9390 DE 12066 

 

 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.079 + [  0.001  +  0.000 ] 

                      =  0.080  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.35020e+000,  Lz   = 1.35020e+000,  Lb   = 1.35020e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       675.63               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             675.63               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                675.63 

           -. -------  =  ---------------  =  0.205  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.21 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.21 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.21 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.21 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.21 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.21 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9403 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.205 + (8/9)*[  0.011  +  0.000 ] 

                      =  0.214  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 
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           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.24 kN. 

                 Vuz                15.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64061e+000,  Lz   = 1.64061e+000,  Lb   = 1.64061e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        47.83            1270.93             153.05 

           ---------------------------------------------------------------- 

            TOTAL              47.83            1270.93             153.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1270.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      153.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 47.83 

           -. -------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1270.93 

           -. --------  =  ---------------  =  0.396  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.45 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                153.05 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             2895.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.001 + [  0.396  +  0.053 ] 

                      =  0.450  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        184.41 kN. 

                 Vuy               184.41 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        831.13 kN. 

                 Vuz               831.13 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       147.62              45.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             147.62              45.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                147.62 

           -. -------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.15 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9422 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.110  +  0.000 ] 

                      =  0.132  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        40.56              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              40.56              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 40.56 

           -. -------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9433 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.105  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        32.25              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              32.25              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 32.25 

           -. -------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9440 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.105  +  0.000 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        43.61              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              43.61              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 43.61 

           -. -------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.105  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       245.25              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             245.25              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                245.25 

           -. -------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.110  +  0.000 ] 

                      =  0.147  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00013e+000,  Lz   = 4.00013e+000,  Lb   = 4.00013e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1348.83             611.08              24.15 

           ---------------------------------------------------------------- 

            TOTAL            1348.83             611.08              24.15 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      611.08 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       24.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    20.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1348.83 

           -. -------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.09 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                611.08 

           -. --------  =  ---------------  =  0.214  <  1.000  --->  O.K. 

               phiMny             2851.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 24.15 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.214  +  0.009 ] 

                      =  0.268  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         40.61 kN. 

                 Vuy                40.61 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        196.75 kN. 

                 Vuz               196.75 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       243.85              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             243.85              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                243.85 

           -. -------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.110  +  0.000 ] 

                      =  0.147  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        46.37              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              46.37              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 46.37 

           -. -------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9495 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.105  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        36.27              43.32               0.00 

           ---------------------------------------------------------------- 

            TOTAL              36.27              43.32               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 36.27 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.32 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.105  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        47.79              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              47.79              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 47.79 

           -. -------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9526 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.105  +  0.000 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9529 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       148.53              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             148.53              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                148.53 

           -. -------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.110  +  0.000 ] 

                      =  0.132  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64007e+000,  Lz   = 1.64007e+000,  Lb   = 1.64007e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       273.22            1145.12             203.25 

           ---------------------------------------------------------------- 

            TOTAL             273.22            1145.12             203.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1145.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      203.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                273.22 

           -. -------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1145.12 

           -. --------  =  ---------------  =  0.356  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                203.25 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.356  +  0.070 ] 

                      =  0.434  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        172.84 kN. 

                 Vuy               172.84 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        705.58 kN. 

                 Vuz               705.58 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34947e+000,  Lz   = 1.34947e+000,  Lb   = 1.34947e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9548 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       682.42               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             682.42               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                682.42 

           -. -------  =  ---------------  =  0.207  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.24 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.24 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.24 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.24 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.24 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.24 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.207 + (8/9)*[  0.011  +  0.000 ] 

                      =  0.217  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 
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           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         15.23 kN. 

                 Vuz                15.23 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90066e-001,  Lz   = 4.90066e-001,  Lb   = 4.90066e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       486.81               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             486.81               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                486.81 

           -. -------  =  ---------------  =  0.148  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.074 + [  0.001  +  0.000 ] 

                      =  0.075  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11025,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       325.70              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             325.70              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                325.70 

           -. -------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.119  +  0.000 ] 

                      =  0.168  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9581 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11026,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       164.67              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             164.67              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                164.67 

           -. -------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.119  +  0.000 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11027,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       212.36              50.97               0.00 

           ---------------------------------------------------------------- 

            TOTAL             212.36              50.97               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                212.36 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9597 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.97 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.124  +  0.000 ] 

                      =  0.156  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9605 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.97 kN. 

                 Vuz                47.97 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11028,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24990e+000,  Lz   = 4.24990e+000,  Lb   = 4.24990e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1524.25            1099.76              19.21 

           ---------------------------------------------------------------- 

            TOTAL            1524.25            1099.76              19.21 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1099.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       19.21 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    21.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1524.25 

           -. -------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1099.76 

           -. --------  =  ---------------  =  0.386  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 19.21 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.386  +  0.007 ] 

                      =  0.443  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         25.92 kN. 

                 Vuy                25.92 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        352.67 kN. 

                 Vuz               352.67 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11029,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       213.03              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             213.03              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                213.03 

           -. -------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.124  +  0.000 ] 

                      =  0.156  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       174.28              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             174.28              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                174.28 

           -. -------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.119  +  0.000 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       341.61              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             341.61              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                341.61 

           -. -------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.119  +  0.000 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89183e-001,  Lz   = 4.89183e-001,  Lb   = 4.89183e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       503.95               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             503.95               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                503.95 

           -. -------  =  ---------------  =  0.153  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.076 + [  0.001  +  0.000 ] 

                      =  0.078  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.30 kN. 

                 Vuz                 5.30 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34962e+000,  Lz   = 1.34962e+000,  Lb   = 1.34962e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       683.59               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             683.59               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                683.59 

           -. -------  =  ---------------  =  0.207  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.23 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.23 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.23 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.23 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.23 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.23 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.207 + (8/9)*[  0.011  +  0.000 ] 

                      =  0.217  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 
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           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.23 kN. 

                 Vuz                15.23 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64042e+000,  Lz   = 1.64042e+000,  Lb   = 1.64042e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       272.81            1028.27              98.52 

           ---------------------------------------------------------------- 

            TOTAL             272.81            1028.27              98.52 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1028.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       98.52 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                272.81 

           -. -------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1028.27 

           -. --------  =  ---------------  =  0.320  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.45 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 98.52 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             2895.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.320  +  0.034 ] 

                      =  0.362  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        152.52 kN. 

                 Vuy               152.52 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        683.03 kN. 

                 Vuz               683.03 

           -. --------  =  ---------------  =  0.112  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       149.07              44.70               0.00 

           ---------------------------------------------------------------- 

            TOTAL             149.07              44.70               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       44.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                149.07 

           -. -------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 44.70 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.109  +  0.000 ] 

                      =  0.131  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         44.70 kN. 

                 Vuz                44.70 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9691 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        44.50              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              44.50              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 44.50 

           -. -------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.105  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9703 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        34.85              43.32               0.00 

           ---------------------------------------------------------------- 

            TOTAL              34.85              43.32               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 34.85 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.32 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.105  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        49.71              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              49.71              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 49.71 

           -. -------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.105  +  0.000 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       258.97              44.68               0.00 

           ---------------------------------------------------------------- 

            TOTAL             258.97              44.68               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       44.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                258.97 

           -. -------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 44.68 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.109  +  0.000 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         44.69 kN. 

                 Vuz                44.69 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00021e+000,  Lz   = 4.00021e+000,  Lb   = 4.00021e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1363.98             626.23              30.24 

           ---------------------------------------------------------------- 

            TOTAL            1363.98             626.23              30.24 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      626.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       30.24 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    20.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1363.98 

           -. -------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.09 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                626.23 

           -. --------  =  ---------------  =  0.220  <  1.000  --->  O.K. 

               phiMny             2851.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 30.24 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.220  +  0.012 ] 

                      =  0.276  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         35.61 kN. 

                 Vuy                35.61 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        225.69 kN. 

                 Vuz               225.69 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz             5326.62 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9746 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       251.94              44.69               0.00 

           ---------------------------------------------------------------- 

            TOTAL             251.94              44.69               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       44.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                251.94 

           -. -------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9750 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 44.69 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.109  +  0.000 ] 

                      =  0.147  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         44.69 kN. 

                 Vuz                44.69 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9758 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        49.48              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              49.48              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 49.48 

           -. -------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.105  +  0.000 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        36.33              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              36.33              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 36.33 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.105  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        44.24              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              44.24              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 44.24 

           -. -------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.105  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       148.04              44.70               0.00 

           ---------------------------------------------------------------- 

            TOTAL             148.04              44.70               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       44.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                148.04 

           -. -------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 44.70 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              411.35 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9803 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.109  +  0.000 ] 

                      =  0.131  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         44.70 kN. 

                 Vuz                44.70 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63992e+000,  Lz   = 1.63992e+000,  Lb   = 1.63992e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       648.48            1040.71             164.33 

           ---------------------------------------------------------------- 

            TOTAL             648.48            1040.71             164.33 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1040.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      164.33 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                648.48 

           -. -------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1040.71 

           -. --------  =  ---------------  =  0.324  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                164.33 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.324  +  0.057 ] 

                      =  0.399  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        155.53 kN. 

                 Vuy               155.53 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        658.02 kN. 

                 Vuz               658.02 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       696.11               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             696.11               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                696.11 

           -. -------  =  ---------------  =  0.211  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9817 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.211 + (8/9)*[  0.013  +  0.000 ] 

                      =  0.222  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 
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           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.24 kN. 

                 Vuz                15.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       539.59               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             539.59               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                539.59 

           -. -------  =  ---------------  =  0.164  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9832 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiMny              411.35 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9834 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.082 + [  0.002  +  0.000 ] 

                      =  0.083  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.30 kN. 

                 Vuz                 5.30 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       364.85              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             364.85              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                364.85 

           -. -------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.119  +  0.000 ] 

                      =  0.174  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       206.53              48.91               0.00 

           ---------------------------------------------------------------- 

            TOTAL             206.53              48.91               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                206.53 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.91 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.119  +  0.000 ] 

                      =  0.150  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       279.86              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             279.86              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                279.86 

           -. -------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9864 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9870 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.124  +  0.000 ] 

                      =  0.166  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25007e+000,  Lz   = 4.25007e+000,  Lb   = 4.25007e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2002.80      -793.74      -294.05       -32.96       -42.00 

           ------------------------------------------------------------------------------- 

            TOTAL           -2002.80      -793.74      -294.05       -32.96       -42.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2002.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271857.89 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204455.85 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2002.80            -793.74             -32.96 

           ---------------------------------------------------------------- 

            TOTAL           -2002.80            -793.74             -32.96 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -793.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -32.96 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204455.8523 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1745e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204455.8523 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.65 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.71 kN. 

           -. phiPn =  phi*Pn  =      14068.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2002.80 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            14068.54 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                793.74 

           -. --------  =  ---------------  =  0.278  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 32.96 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.071 + [  0.278  +  0.013 ] 

                      =  0.362  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         38.18 kN. 

                 Vuy                38.18 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        330.51 kN. 

                 Vuz               330.51 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       230.45              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             230.45              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                230.45 

           -. -------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9893 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.124  +  0.000 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        60.04              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL              60.04              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 60.04 

           -. -------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.119  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        19.34              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL              19.34              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 19.34 

           -. -------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.119  +  0.000 ] 

                      =  0.122  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       115.25              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             115.25              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                115.25 

           -. -------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.119  +  0.000 ] 

                      =  0.136  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9931 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       362.91              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             362.91              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                362.91 

           -. -------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.124  +  0.000 ] 

                      =  0.179  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89029e+000,  Lz   = 1.89029e+000,  Lb   = 1.89029e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9945 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2440.30      -239.46     -1243.13       -43.70       -10.47 

           ------------------------------------------------------------------------------- 

            TOTAL           -2440.30      -239.46     -1243.13       -43.70       -10.47 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2440.30 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1545924.32 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1258 

              Pez    =  (Area*Fy)/Lambda^2       =  1160736.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2440.30           -1243.13             -10.47 

           ---------------------------------------------------------------- 

            TOTAL           -2440.30           -1243.13             -10.47 

           ---------------------------------------------------------------- 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9947 DE 12066 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1243.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -10.47 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9948 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1160736.0688 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.890 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0063e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1160736.0688 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18252.97 kN. 

           -. phiPn =  phi*Pn  =      16427.68 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2440.30 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            16427.68 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1243.13 

           -. --------  =  ---------------  =  0.387  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 10.47 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.074 + [  0.387  +  0.004 ] 

                      =  0.465  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        105.26 kN. 

                 Vuy               105.26 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        908.77 kN. 

                 Vuz               908.77 

           -. --------  =  ---------------  =  0.149  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       349.22              50.97               0.00 

           ---------------------------------------------------------------- 

            TOTAL             349.22              50.97               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                349.22 

           -. -------  =  ---------------  =  0.106  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 9958 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.97 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.124  +  0.000 ] 

                      =  0.177  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.97 kN. 

                 Vuz                47.97 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       107.81              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             107.81              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                107.81 

           -. -------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.119  +  0.000 ] 

                      =  0.135  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        16.74              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL              16.74              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 16.74 

           -. -------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.119  +  0.000 ] 

                      =  0.121  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        61.90              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL              61.90              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 61.90 

           -. -------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.119  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10004 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       233.35              50.97               0.00 

           ---------------------------------------------------------------- 

            TOTAL             233.35              50.97               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                233.35 

           -. -------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.97 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10012 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.124  +  0.000 ] 

                      =  0.159  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.97 kN. 

                 Vuz                47.97 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24990e+000,  Lz   = 4.24990e+000,  Lb   = 4.24990e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1407.07             872.81              38.65 

           ---------------------------------------------------------------- 

            TOTAL            1407.07             872.81              38.65 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      872.81 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       38.65 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    21.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1407.07 

           -. -------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                872.81 

           -. --------  =  ---------------  =  0.306  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 38.65 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.306  +  0.015 ] 

                      =  0.367  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         39.84 kN. 

                 Vuy                39.84 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        329.62 kN. 

                 Vuz               329.62 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       278.66              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             278.66              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                278.66 

           -. -------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10026 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10029 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.124  +  0.000 ] 

                      =  0.166  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       204.11              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             204.11              48.93               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10036 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                204.11 

           -. -------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.119  +  0.000 ] 

                      =  0.150  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       354.14              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             354.14              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                354.14 

           -. -------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10053 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.119  +  0.000 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       520.17               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             520.17               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                520.17 

           -. -------  =  ---------------  =  0.158  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.079 + [  0.002  +  0.000 ] 

                      =  0.080  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.30 kN. 

                 Vuz                 5.30 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       671.28               5.13               0.00 

           ---------------------------------------------------------------- 

            TOTAL             671.28               5.13               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                671.28 

           -. -------  =  ---------------  =  0.204  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.13 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.204 + (8/9)*[  0.012  +  0.000 ] 

                      =  0.215  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 
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           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.22 kN. 

                 Vuz                15.22 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63992e+000,  Lz   = 1.63992e+000,  Lb   = 1.63992e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       610.78            1120.12              41.08 

           ---------------------------------------------------------------- 

            TOTAL             610.78            1120.12              41.08 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1120.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       41.08 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                610.78 

           -. -------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1120.12 

           -. --------  =  ---------------  =  0.349  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 41.08 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.349  +  0.014 ] 

                      =  0.380  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        150.89 kN. 

                 Vuy               150.89 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        710.81 kN. 

                 Vuz               710.81 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  11071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       129.24              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             129.24              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                129.24 

           -. -------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10099 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.110  +  0.000 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        35.71              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              35.71              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 35.71 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.105  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        37.86              43.32               0.00 

           ---------------------------------------------------------------- 

            TOTAL              37.86              43.32               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 37.86 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10116 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.32 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.105  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        44.79              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              44.79              43.34               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10127 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 44.79 

           -. -------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.105  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       247.46              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             247.46              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                247.46 

           -. -------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10142 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10145 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.110  +  0.000 ] 

                      =  0.147  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99997e+000,  Lz   = 3.99997e+000,  Lb   = 3.99997e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1788.60      -352.46      -475.37       -18.05       -60.53 

           ------------------------------------------------------------------------------- 

            TOTAL           -1788.60      -352.46      -475.37       -18.05       -60.53 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1788.60 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       17.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2294 

              Pey    =  (Area*Fy)/Lambda^2       =   306915.68 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       20.02 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2646 

              Pez    =  (Area*Fy)/Lambda^2       =   230821.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1788.60            -475.37             -60.53 

           ---------------------------------------------------------------- 

            TOTAL           -1788.60            -475.37             -60.53 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -475.37 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -60.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    20.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  230821.7216 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.3259e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  230821.7216 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          14.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15690.88 kN. 

           -. phiPn =  phi*Pn  =      14121.79 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1788.60 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            14121.79 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.09 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                475.37 

           -. --------  =  ---------------  =  0.167  <  1.000  --->  O.K. 

               phiMny             2851.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10157 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 60.53 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.063 + [  0.167  +  0.024 ] 

                      =  0.254  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         54.98 kN. 

                 Vuy                54.98 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        197.23 kN. 

                 Vuz               197.23 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  11077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       235.35              45.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             235.35              45.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                235.35 

           -. -------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.15 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.110  +  0.000 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        40.36              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              40.36              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 40.36 

           -. -------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.105  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        18.11              43.36               0.00 

           ---------------------------------------------------------------- 

            TOTAL              18.11              43.36               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 18.11 

           -. -------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.36 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.105  +  0.000 ] 

                      =  0.108  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        56.86              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              56.86              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 56.86 

           -. -------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.009 + [  0.105  +  0.000 ] 

                      =  0.114  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10208 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  11081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       164.87              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             164.87              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                164.87 

           -. -------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.110  +  0.000 ] 

                      =  0.135  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  11082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.00083e+000,  Lz   = 2.00083e+000,  Lb   = 2.00083e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -898.12      -310.35      -907.86       -64.17      -132.97 

           ------------------------------------------------------------------------------- 

            TOTAL            -898.12      -310.35      -907.86       -64.17      -132.97 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      898.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1055 

              Pey    =  (Area*Fy)/Lambda^2       =  2140445.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.37 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0709 

              Pez    =  (Area*Fy)/Lambda^2       =  4730969.65 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -898.12            -907.86            -132.97 

           ---------------------------------------------------------------- 

            TOTAL            -898.12            -907.86            -132.97 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -907.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -132.97 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10226 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2140445.2081 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.001 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4425e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 2140445.2081 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          99.30 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21464.95 kN. 

           -. phiPn =  phi*Pn  =      19318.45 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                898.12 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            19318.45 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4986.35 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10228 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4986.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                907.86 

           -. --------  =  ---------------  =  0.182  <  1.000  --->  O.K. 

               phiMny             4986.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6608.38 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6608.38 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6608.38 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                132.97 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6608.38 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.182  +  0.020 ] 

                      =  0.225  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        238.75 kN. 

                 Vuy               238.75 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        369.97 kN. 

                 Vuz               369.97 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  12004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36068e+000,  Lz   = 2.36068e+000,  Lb   = 2.36068e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -708.42      -986.76      -137.70      -165.56       -18.80 

           ------------------------------------------------------------------------------- 

            TOTAL            -708.42      -986.76      -137.70      -165.56       -18.80 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      708.42 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1362 

              Pey    =  (Area*Fy)/Lambda^2       =   991223.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744246.90 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -708.42            -986.76            -165.56 

           ---------------------------------------------------------------- 

            TOTAL            -708.42            -986.76            -165.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -986.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -165.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744246.9035 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.361 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8512e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744246.9035 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.50 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.42 kN. 

           -. phiPn =  phi*Pn  =      16366.88 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                708.42 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16366.88 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                986.76 

           -. --------  =  ---------------  =  0.307  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                165.56 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.307  +  0.057 ] 

                      =  0.386  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         74.53 kN. 

                 Vuy                74.53 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        445.57 kN. 

                 Vuz               445.57 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36003e+000,  Lz   = 2.36003e+000,  Lb   = 2.36003e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1394.42      -600.73      -375.24       -67.73       -40.81 

           ------------------------------------------------------------------------------- 

            TOTAL           -1394.42      -600.73      -375.24       -67.73       -40.81 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1394.42 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991770.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744657.39 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1394.42            -600.73             -67.73 

           ---------------------------------------------------------------- 

            TOTAL           -1394.42            -600.73             -67.73 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -600.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -67.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10247 DE 12066 

 

 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744657.3948 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8533e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744657.3948 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.53 kN. 

           -. phiPn =  phi*Pn  =      16366.97 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1394.42 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            16366.97 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                600.73 

           -. --------  =  ---------------  =  0.187  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 67.73 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.187  +  0.023 ] 

                      =  0.253  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        241.94 kN. 

                 Vuy               241.94 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        246.39 kN. 

                 Vuz               246.39 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35934e+000,  Lz   = 2.35934e+000,  Lb   = 2.35934e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1356.09      -529.08      -400.58       -74.63       -71.78 

           ------------------------------------------------------------------------------- 

            TOTAL           -1356.09      -529.08      -400.58       -74.63       -71.78 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1356.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992352.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1570 

              Pez    =  (Area*Fy)/Lambda^2       =   745093.90 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1356.09            -529.08             -74.63 

           ---------------------------------------------------------------- 

            TOTAL           -1356.09            -529.08             -74.63 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -529.08 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -74.63 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  745093.9044 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.359 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8555e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  745093.9044 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.55 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.64 kN. 

           -. phiPn =  phi*Pn  =      16367.07 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1356.09 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            16367.07 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                529.08 

           -. --------  =  ---------------  =  0.165  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 74.63 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.165  +  0.026 ] 

                      =  0.232  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        183.26 kN. 

                 Vuy               183.26 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        275.70 kN. 

                 Vuz               275.70 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35947e+000,  Lz   = 2.35947e+000,  Lb   = 2.35947e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -375.93      -576.57      -384.09      -155.37      -155.42 

           ------------------------------------------------------------------------------- 

            TOTAL            -375.93      -576.57      -384.09      -155.37      -155.42 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      375.93 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992235.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1570 

              Pez    =  (Area*Fy)/Lambda^2       =   745006.78 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -375.93            -576.57            -155.37 

           ---------------------------------------------------------------- 

            TOTAL            -375.93            -576.57            -155.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -576.57 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -155.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  745006.7757 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.359 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8551e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  745006.7757 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.55 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.61 kN. 

           -. phiPn =  phi*Pn  =      16367.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                375.93 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16367.05 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                576.57 

           -. --------  =  ---------------  =  0.180  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                155.37 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.180  +  0.054 ] 

                      =  0.245  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        208.25 kN. 

                 Vuy               208.25 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        358.83 kN. 

                 Vuz               358.83 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36032e+000,  Lz   = 2.36032e+000,  Lb   = 2.36032e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -144.40      -655.91      -471.28      -160.55      -172.42 

           ------------------------------------------------------------------------------- 

            TOTAL            -144.40      -655.91      -471.28      -160.55      -172.42 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      144.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991523.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744471.60 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -144.40            -655.91            -160.55 

           ---------------------------------------------------------------- 

            TOTAL            -144.40            -655.91            -160.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -655.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -160.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744471.6021 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8523e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744471.6021 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.48 kN. 

           -. phiPn =  phi*Pn  =      16366.93 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                144.40 

           -. -------  =  ---------------  =     8.82e-003  <  1.000  --->  O.K. 

               phiPn            16366.93 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                655.91 

           -. --------  =  ---------------  =  0.204  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                160.55 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.204  +  0.055 ] 

                      =  0.264  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        187.04 kN. 

                 Vuy               187.04 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        415.31 kN. 

                 Vuz               415.31 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35989e+000,  Lz   = 2.35989e+000,  Lb   = 2.35989e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1902.98     -1008.39      -702.45       -54.63       -58.11 

           ------------------------------------------------------------------------------- 

            TOTAL           -1902.98     -1008.39      -702.45       -54.63       -58.11 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1902.98 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991889.62 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744746.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1902.98           -1008.39             -54.63 

           ---------------------------------------------------------------- 

            TOTAL           -1902.98           -1008.39             -54.63 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1008.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -54.63 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744746.7152 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8537e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744746.7152 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.55 kN. 

           -. phiPn =  phi*Pn  =      16366.99 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1902.98 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16366.99 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1008.39 

           -. --------  =  ---------------  =  0.314  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 54.63 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.314  +  0.019 ] 

                      =  0.391  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        176.23 kN. 

                 Vuy               176.23 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        285.06 kN. 

                 Vuz               285.06 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35937e+000,  Lz   = 2.35937e+000,  Lb   = 2.35937e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -110.41      -681.31      -500.45      -165.05      -221.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -110.41      -681.31      -500.45      -165.05      -221.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      110.41 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992322.08 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1570 

              Pez    =  (Area*Fy)/Lambda^2       =   745071.42 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -110.41            -681.31            -165.05 

           ---------------------------------------------------------------- 

            TOTAL            -110.41            -681.31            -165.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -681.31 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -165.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  745071.4176 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.359 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8554e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  745071.4176 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.55 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.63 kN. 

           -. phiPn =  phi*Pn  =      16367.07 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                110.41 

           -. -------  =  ---------------  =     6.75e-003  <  1.000  --->  O.K. 

               phiPn            16367.07 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                681.31 

           -. --------  =  ---------------  =  0.212  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                165.05 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.212  +  0.057 ] 

                      =  0.273  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        180.69 kN. 

                 Vuy               180.69 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        419.27 kN. 

                 Vuz               419.27 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  12082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.99958e+000,  Lz   = 1.99958e+000,  Lb   = 1.99958e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10309 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -906.48      -908.59      -186.77      -132.97      -245.15 

           ------------------------------------------------------------------------------- 

            TOTAL            -906.48      -908.59      -186.77      -132.97      -245.15 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      906.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1054 

              Pey    =  (Area*Fy)/Lambda^2       =  2143127.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.36 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0709 

              Pez    =  (Area*Fy)/Lambda^2       =  4736897.70 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -906.48            -908.59            -132.97 

           ---------------------------------------------------------------- 

            TOTAL            -906.48            -908.59            -132.97 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -908.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -132.97 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2143127.2515 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4455e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 2143127.2515 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          99.42 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21465.06 kN. 

           -. phiPn =  phi*Pn  =      19318.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                906.48 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            19318.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4986.35 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10316 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4986.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                908.59 

           -. --------  =  ---------------  =  0.182  <  1.000  --->  O.K. 

               phiMny             4986.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6608.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6608.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6608.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                132.97 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiMnz             6608.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.182  +  0.020 ] 

                      =  0.226  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        175.44 kN. 

                 Vuy               175.44 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        474.75 kN. 

                 Vuz               474.75 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  13008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       449.04              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             449.04              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                449.04 

           -. -------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10326 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.068 + [  0.119  +  0.000 ] 

                      =  0.187  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       468.14              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             468.14              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                468.14 

           -. -------  =  ---------------  =  0.142  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.071 + [  0.124  +  0.000 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36003e+000,  Lz   = 2.36003e+000,  Lb   = 2.36003e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -237.85      -250.51      -831.01      -173.22      -214.90 

           ------------------------------------------------------------------------------- 

            TOTAL            -237.85      -250.51      -831.01      -173.22      -214.90 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      237.85 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991770.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744657.39 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -237.85            -831.01            -214.90 

           ---------------------------------------------------------------- 

            TOTAL            -237.85            -831.01            -214.90 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -831.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -214.90 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744657.3948 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8533e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744657.3948 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.53 kN. 

           -. phiPn =  phi*Pn  =      16366.97 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                237.85 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            16366.97 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                831.01 

           -. --------  =  ---------------  =  0.259  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                214.90 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.259  +  0.074 ] 

                      =  0.340  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10352 DE 12066 

 

 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        246.54 kN. 

                 Vuy               246.54 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        281.60 kN. 

                 Vuz               281.60 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  13011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34001e+000,  Lz   = 1.34001e+000,  Lb   = 1.34001e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       290.64               4.02               0.00 

           ---------------------------------------------------------------- 

            TOTAL             290.64               4.02               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        4.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                290.64 

           -. -------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.55 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.55 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.55 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.55 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  4.02 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMny              482.55 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.008  +  0.000 ] 

                      =  0.052  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89612e-001,  Lz   = 4.89612e-001,  Lb   = 4.89612e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -183.43         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -183.43         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      183.43 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.27 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0433 

              Pey    =  (Area*Fy)/Lambda^2       =  1854396.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.04 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1327 

              Pez    =  (Area*Fy)/Lambda^2       =   197049.13 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -183.43               0.21               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -183.43               0.21               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.0  <   120.0  --->  O.K. 
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      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  197049.1268 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =  197049.1268 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          56.79 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3444.14 kN. 

           -. phiPn =  phi*Pn  =       3099.72 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                183.43 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn             3099.72 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  
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           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 
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      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 
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           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.21 

           -. --------  =  ---------------  =4.435e-004  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 
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   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [4.435e-004  +  0.000 ] 

                      =  0.030  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.30 kN. 

                 Vuz                 5.30 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90087e-001,  Lz   = 4.90087e-001,  Lb   = 4.90087e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        80.12               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL              80.12               0.52               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 80.12 

           -. -------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.001  +  0.000 ] 

                      =  0.013  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34046e+000,  Lz   = 1.34046e+000,  Lb   = 1.34046e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       271.55               5.07               0.00 

           ---------------------------------------------------------------- 

            TOTAL             271.55               5.07               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                271.55 

           -. -------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10399 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.53 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.53 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.07 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.011  +  0.000 ] 

                      =  0.052  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.13 kN. 

                 Vuz                15.13 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36047e+000,  Lz   = 2.36047e+000,  Lb   = 2.36047e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -344.63      -256.73     -1122.48      -220.11      -176.25 

           ------------------------------------------------------------------------------- 

            TOTAL            -344.63      -256.73     -1122.48      -220.11      -176.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      344.63 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991399.54 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744378.74 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -344.63           -1122.48            -176.25 

           ---------------------------------------------------------------- 

            TOTAL            -344.63           -1122.48            -176.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1122.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -176.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744378.7405 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8518e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744378.7405 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.46 kN. 

           -. phiPn =  phi*Pn  =      16366.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                344.63 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16366.91 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1122.48 

           -. --------  =  ---------------  =  0.350  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                176.25 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.350  +  0.061 ] 

                      =  0.421  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        212.53 kN. 

                 Vuy               212.53 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        401.65 kN. 

                 Vuz               401.65 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  13023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       467.60              50.97               0.00 

           ---------------------------------------------------------------- 

            TOTAL             467.60              50.97               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                467.60 

           -. -------  =  ---------------  =  0.142  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.97 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.071 + [  0.124  +  0.000 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       433.07              48.91               0.00 

           ---------------------------------------------------------------- 

            TOTAL             433.07              48.91               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                433.07 

           -. -------  =  ---------------  =  0.131  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.91 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10436 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.119  +  0.000 ] 

                      =  0.185  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10438 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  13032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       442.69              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             442.69              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                442.69 

           -. -------  =  ---------------  =  0.134  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.067 + [  0.119  +  0.000 ] 

                      =  0.186  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       465.12              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             465.12              50.96               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10452 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                465.12 

           -. -------  =  ---------------  =  0.141  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.071 + [  0.124  +  0.000 ] 

                      =  0.194  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36053e+000,  Lz   = 2.36053e+000,  Lb   = 2.36053e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -431.29      -275.24     -1515.54      -175.53      -182.62 

           ------------------------------------------------------------------------------- 

            TOTAL            -431.29      -275.24     -1515.54      -175.53      -182.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      431.29 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991350.96 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744342.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -431.29           -1515.54            -182.62 

           ---------------------------------------------------------------- 

            TOTAL            -431.29           -1515.54            -182.62 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1515.54 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -182.62 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744342.2703 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.361 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8516e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744342.2703 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.45 kN. 

           -. phiPn =  phi*Pn  =      16366.90 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                431.29 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16366.90 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1515.54 

           -. --------  =  ---------------  =  0.472  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                182.62 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.472  +  0.063 ] 

                      =  0.548  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        217.55 kN. 

                 Vuy               217.55 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        553.88 kN. 

                 Vuz               553.88 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  13035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34048e+000,  Lz   = 1.34048e+000,  Lb   = 1.34048e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       356.85               3.98               0.00 

           ---------------------------------------------------------------- 

            TOTAL             356.85               3.98               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        3.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                356.85 

           -. -------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.53 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.53 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  3.98 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMny              482.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.008  +  0.000 ] 

                      =  0.062  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         14.98 kN. 

                 Vuz                14.98 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90408e-001,  Lz   = 4.90408e-001,  Lb   = 4.90408e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -227.32         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -227.32         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      227.32 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.28 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0433 

              Pey    =  (Area*Fy)/Lambda^2       =  1848382.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.06 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1329 

              Pez    =  (Area*Fy)/Lambda^2       =   196410.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -227.32               0.21               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -227.32               0.21               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.1  <   120.0  --->  O.K. 
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      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  196410.0485 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =  196410.0485 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          56.61 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3444.06 kN. 

           -. phiPn =  phi*Pn  =       3099.65 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                227.32 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn             3099.65 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  
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           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 
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      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 
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           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.21 

           -. --------  =  ---------------  =4.449e-004  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 
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   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [4.449e-004  +  0.000 ] 

                      =  0.037  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90083e-001,  Lz   = 4.90083e-001,  Lb   = 4.90083e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       124.81               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL             124.81               0.52               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                124.81 

           -. -------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.001  +  0.000 ] 

                      =  0.020  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33946e+000,  Lz   = 1.33946e+000,  Lb   = 1.33946e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       276.94               5.01               0.00 

           ---------------------------------------------------------------- 

            TOTAL             276.94               5.01               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                276.94 

           -. -------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10514 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.57 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.57 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.57 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.01 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMny              482.57 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.010  +  0.000 ] 

                      =  0.052  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         14.97 kN. 

                 Vuz                14.97 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36036e+000,  Lz   = 2.36036e+000,  Lb   = 2.36036e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -462.86      -423.12     -1648.33      -289.22      -169.10 

           ------------------------------------------------------------------------------- 

            TOTAL            -462.86      -423.12     -1648.33      -289.22      -169.10 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10524 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      462.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991494.92 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744450.36 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -462.86           -1648.33            -169.10 

           ---------------------------------------------------------------- 

            TOTAL            -462.86           -1648.33            -169.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1648.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -169.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744450.3555 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8522e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744450.3555 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.47 kN. 

           -. phiPn =  phi*Pn  =      16366.93 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                462.86 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16366.93 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1648.33 

           -. --------  =  ---------------  =  0.513  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                169.10 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.513  +  0.058 ] 

                      =  0.586  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10531 DE 12066 

 

 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        232.97 kN. 

                 Vuy               232.97 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10532 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        550.59 kN. 

                 Vuz               550.59 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  13047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       473.95              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             473.95              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                473.95 

           -. -------  =  ---------------  =  0.144  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.124  +  0.000 ] 

                      =  0.196  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       453.66              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             453.66              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                453.66 

           -. -------  =  ---------------  =  0.138  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10555 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.069 + [  0.119  +  0.000 ] 

                      =  0.188  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       437.58              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             437.58              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                437.58 

           -. -------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.119  +  0.000 ] 

                      =  0.185  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       458.45              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             458.45              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                458.45 

           -. -------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.070 + [  0.124  +  0.000 ] 

                      =  0.193  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36014e+000,  Lz   = 2.36014e+000,  Lb   = 2.36014e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -552.75      -510.77     -1739.11      -315.92      -243.76 

           ------------------------------------------------------------------------------- 

            TOTAL            -552.75      -510.77     -1739.11      -315.92      -243.76 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10583 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      552.75 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991677.90 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744587.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -552.75           -1739.11            -243.76 

           ---------------------------------------------------------------- 

            TOTAL            -552.75           -1739.11            -243.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1739.11 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -243.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744587.7451 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8529e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744587.7451 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.51 kN. 

           -. phiPn =  phi*Pn  =      16366.96 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                552.75 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16366.96 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1739.11 

           -. --------  =  ---------------  =  0.542  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                243.76 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.542  +  0.084 ] 

                      =  0.643  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        240.76 kN. 

                 Vuy               240.76 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        564.61 kN. 

                 Vuz               564.61 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  13071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33944e+000,  Lz   = 1.33944e+000,  Lb   = 1.33944e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       223.08               5.06               0.00 

           ---------------------------------------------------------------- 

            TOTAL             223.08               5.06               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                223.08 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.57 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.57 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.57 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.06 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMny              482.57 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.010  +  0.000 ] 

                      =  0.044  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89745e-001,  Lz   = 4.89745e-001,  Lb   = 4.89745e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        73.72               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL              73.72               0.52               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 73.72 

           -. -------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.001  +  0.000 ] 

                      =  0.012  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90123e-001,  Lz   = 4.90123e-001,  Lb   = 4.90123e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -201.30         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -201.30         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      201.30 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.28 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0433 

              Pey    =  (Area*Fy)/Lambda^2       =  1850529.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.05 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1328 

              Pez    =  (Area*Fy)/Lambda^2       =   196638.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -201.30               0.21               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -201.30               0.21               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.1  <   120.0  --->  O.K. 
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      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  196638.1651 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =  196638.1651 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          56.67 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3444.08 kN. 

           -. phiPn =  phi*Pn  =       3099.68 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                201.30 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn             3099.68 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10621 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 
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      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 
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           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.21 

           -. --------  =  ---------------  =4.444e-004  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 
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   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [4.444e-004  +  0.000 ] 

                      =  0.033  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33972e+000,  Lz   = 1.33972e+000,  Lb   = 1.33972e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -317.85         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -317.85         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      317.85 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.95 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1184 

              Pey    =  (Area*Fy)/Lambda^2       =   247673.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       27.47 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.3631 

              Pez    =  (Area*Fy)/Lambda^2       =    26317.94 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -317.85               1.67               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -317.85               1.67               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        1.67 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    27.5  <   120.0  --->  O.K. 
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      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =   26317.9365 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =   26317.9365 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =           7.59 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3283.35 kN. 

           -. phiPn =  phi*Pn  =       2955.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                317.85 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn             2955.01 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  
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           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10638 DE 12066 

 

 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 
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      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 
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                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.56 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.56 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.56 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.56 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.56 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  1.67 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMny              482.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.003  +  0.000 ] 

                      =  0.057  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  13082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24994e+000,  Lz   = 4.24994e+000,  Lb   = 4.24994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       184.12             874.98             268.35 

           ---------------------------------------------------------------- 

            TOTAL             184.12             874.98             268.35 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      874.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      268.35 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    17.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                184.12 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4982.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4982.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                874.98 

           -. --------  =  ---------------  =  0.176  <  1.000  --->  O.K. 

               phiMny             4982.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6598.50 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6598.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6598.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                268.35 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiMnz             6598.50 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.176  +  0.041 ] 

                      =  0.220  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149+, POS =    J ) 

           -. Applied shear force : Vuy =        164.63 kN. 

                 Vuy               164.63 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        240.96 kN. 

                 Vuz               240.96 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  14010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88947e+000,  Lz   = 1.88947e+000,  Lb   = 1.88947e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       799.15            1356.95             259.20 

           ---------------------------------------------------------------- 

            TOTAL             799.15            1356.95             259.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1356.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      259.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                799.15 

           -. -------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1356.95 

           -. --------  =  ---------------  =  0.422  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10655 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                259.20 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.422  +  0.090 ] 

                      =  0.535  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        198.86 kN. 

                 Vuy               198.86 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =       1022.31 kN. 

                 Vuz              1022.31 

           -. --------  =  ---------------  =  0.168  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  14022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88953e+000,  Lz   = 1.88953e+000,  Lb   = 1.88953e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       558.15            1310.20             153.91 

           ---------------------------------------------------------------- 

            TOTAL             558.15            1310.20             153.91 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1310.20 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      153.91 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                558.15 

           -. -------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1310.20 

           -. --------  =  ---------------  =  0.408  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                153.91 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.408  +  0.053 ] 

                      =  0.477  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        155.11 kN. 

                 Vuy               155.11 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =       1235.43 kN. 

                 Vuz              1235.43 

           -. --------  =  ---------------  =  0.203  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  14034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88975e+000,  Lz   = 1.88975e+000,  Lb   = 1.88975e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1052.87            1671.12             167.58 

           ---------------------------------------------------------------- 

            TOTAL            1052.87            1671.12             167.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1671.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      167.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1052.87 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1671.12 

           -. --------  =  ---------------  =  0.520  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                167.58 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.520  +  0.058 ] 

                      =  0.608  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        160.87 kN. 

                 Vuy               160.87 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10671 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =       1615.55 kN. 

                 Vuz              1615.55 

           -. --------  =  ---------------  =  0.265  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  14046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89005e+000,  Lz   = 1.89005e+000,  Lb   = 1.89005e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1047.92            1704.35             215.70 

           ---------------------------------------------------------------- 

            TOTAL            1047.92            1704.35             215.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1704.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      215.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1047.92 

           -. -------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1704.35 

           -. --------  =  ---------------  =  0.531  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                215.70 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.531  +  0.075 ] 

                      =  0.635  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        153.58 kN. 

                 Vuy               153.58 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =       1752.41 kN. 

                 Vuz              1752.41 

           -. --------  =  ---------------  =  0.288  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  14070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88961e+000,  Lz   = 1.88961e+000,  Lb   = 1.88961e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1109.93            1923.97             151.47 

           ---------------------------------------------------------------- 

            TOTAL            1109.93            1923.97             151.47 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1923.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      151.47 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1109.93 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1923.97 

           -. --------  =  ---------------  =  0.599  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                151.47 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.599  +  0.052 ] 

                      =  0.683  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        149.53 kN. 

                 Vuy               149.53 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =       1914.96 kN. 

                 Vuz              1914.96 

           -. --------  =  ---------------  =  0.314  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24994e+000,  Lz   = 4.24994e+000,  Lb   = 4.24994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1561.05      -347.18      -498.68       -97.16       -23.31 

           ------------------------------------------------------------------------------- 

            TOTAL           -1561.05      -347.18      -498.68       -97.16       -23.31 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1561.05 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271873.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204467.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1561.05            -498.68             -23.31 

           ---------------------------------------------------------------- 

            TOTAL           -1561.05            -498.68             -23.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -498.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -23.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204467.7719 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1745e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204467.7719 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.65 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.74 kN. 

           -. phiPn =  phi*Pn  =      14068.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1561.05 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            14068.57 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                498.68 

           -. --------  =  ---------------  =  0.175  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 23.31 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.175  +  0.009 ] 

                      =  0.239  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         31.11 kN. 

                 Vuy                31.11 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        132.52 kN. 

                 Vuz               132.52 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  15002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       268.58              53.32               0.00 

           ---------------------------------------------------------------- 

            TOTAL             268.58              53.32               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       53.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                268.58 

           -. -------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10703 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 53.32 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.130  +  0.000 ] 

                      =  0.170  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         50.19 kN. 

                 Vuz                50.19 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       245.06              53.31               0.00 

           ---------------------------------------------------------------- 

            TOTAL             245.06              53.31               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       53.31 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                245.06 

           -. -------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 53.31 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10719 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.130  +  0.000 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         50.18 kN. 

                 Vuz                50.18 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35972e+000,  Lz   = 2.35972e+000,  Lb   = 2.35972e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -660.88      -125.40      -985.81       -32.71      -174.42 

           ------------------------------------------------------------------------------- 

            TOTAL            -660.88      -125.40      -985.81       -32.71      -174.42 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      660.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992031.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744853.58 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -660.88            -985.81            -174.42 

           ---------------------------------------------------------------- 

            TOTAL            -660.88            -985.81            -174.42 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -985.81 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -174.42 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744853.5802 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8543e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744853.5802 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.58 kN. 

           -. phiPn =  phi*Pn  =      16367.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                660.88 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16367.02 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                985.81 

           -. --------  =  ---------------  =  0.307  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                174.42 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.307  +  0.060 ] 

                      =  0.387  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         86.94 kN. 

                 Vuy                86.94 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        439.02 kN. 

                 Vuz               439.02 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15005,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       220.40              50.97               0.00 

           ---------------------------------------------------------------- 

            TOTAL             220.40              50.97               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                220.40 

           -. -------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.97 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.124  +  0.000 ] 

                      =  0.157  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.97 kN. 

                 Vuz                47.97 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15006,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       163.50              48.91               0.00 

           ---------------------------------------------------------------- 

            TOTAL             163.50              48.91               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                163.50 

           -. -------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.91 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.119  +  0.000 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15007,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       346.52              48.91               0.00 

           ---------------------------------------------------------------- 

            TOTAL             346.52              48.91               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                346.52 

           -. -------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.91 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.119  +  0.000 ] 

                      =  0.171  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       444.37              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             444.37              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                444.37 

           -. -------  =  ---------------  =  0.135  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10775 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.067 + [  0.119  +  0.000 ] 

                      =  0.186  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       471.71              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             471.71              50.96               0.00 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10782 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                471.71 

           -. -------  =  ---------------  =  0.143  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.124  +  0.000 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10791 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89021e+000,  Lz   = 1.89021e+000,  Lb   = 1.89021e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       668.14            1297.95             241.11 

           ---------------------------------------------------------------- 

            TOTAL             668.14            1297.95             241.11 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1297.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      241.11 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                668.14 

           -. -------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1297.95 

           -. --------  =  ---------------  =  0.404  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                241.11 

           -. --------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.404  +  0.083 ] 

                      =  0.506  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        183.61 kN. 

                 Vuy               183.61 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =       1007.53 kN. 

                 Vuz              1007.53 

           -. --------  =  ---------------  =  0.165  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89052e+000,  Lz   = 1.89052e+000,  Lb   = 1.89052e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       550.84            1371.46             138.59 

           ---------------------------------------------------------------- 

            TOTAL             550.84            1371.46             138.59 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1371.46 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      138.59 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                550.84 

           -. -------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1371.46 

           -. --------  =  ---------------  =  0.427  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                138.59 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.427  +  0.048 ] 

                      =  0.491  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        122.50 kN. 

                 Vuy               122.50 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =       1265.00 kN. 

                 Vuz              1265.00 

           -. --------  =  ---------------  =  0.208  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       468.49              50.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             468.49              50.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                468.49 

           -. -------  =  ---------------  =  0.142  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.94 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10816 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.071 + [  0.124  +  0.000 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.95 kN. 

                 Vuz                47.95 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       426.20              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             426.20              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                426.20 

           -. -------  =  ---------------  =  0.129  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.065 + [  0.119  +  0.000 ] 

                      =  0.184  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15025,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       315.99              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             315.99              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                315.99 

           -. -------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.119  +  0.000 ] 

                      =  0.167  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15026,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       149.09              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             149.09              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                149.09 

           -. -------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.119  +  0.000 ] 

                      =  0.142  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15027,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       199.51              50.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             199.51              50.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                199.51 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.94 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.124  +  0.000 ] 

                      =  0.154  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.95 kN. 

                 Vuz                47.95 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15028,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24980e+000,  Lz   = 4.24980e+000,  Lb   = 4.24980e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1547.28            1104.82              18.20 

           ---------------------------------------------------------------- 

            TOTAL            1547.28            1104.82              18.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1104.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       18.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    21.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1547.28 

           -. -------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1104.82 

           -. --------  =  ---------------  =  0.388  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 18.20 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.388  +  0.007 ] 

                      =  0.445  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         26.08 kN. 

                 Vuy                26.08 

           -. --------  =  ---------------  =  0.006  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        349.42 kN. 

                 Vuz               349.42 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  15029,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       199.69              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             199.69              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                199.69 

           -. -------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10878 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.124  +  0.000 ] 

                      =  0.154  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       159.01              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             159.01              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                159.01 

           -. -------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10893 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10894 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.119  +  0.000 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       332.41              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             332.41              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                332.41 

           -. -------  =  ---------------  =  0.101  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.119  +  0.000 ] 

                      =  0.169  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       435.73              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             435.73              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                435.73 

           -. -------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.119  +  0.000 ] 

                      =  0.185  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10922 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       466.35              50.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             466.35              50.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                466.35 

           -. -------  =  ---------------  =  0.141  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.94 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.071 + [  0.124  +  0.000 ] 

                      =  0.195  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.95 kN. 

                 Vuz                47.95 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88981e+000,  Lz   = 1.88981e+000,  Lb   = 1.88981e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1012.47            1563.38             211.89 

           ---------------------------------------------------------------- 

            TOTAL            1012.47            1563.38             211.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1563.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      211.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1012.47 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1563.38 

           -. --------  =  ---------------  =  0.487  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                211.89 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.487  +  0.073 ] 

                      =  0.589  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        192.94 kN. 

                 Vuy               192.94 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =       1554.82 kN. 

                 Vuz              1554.82 

           -. --------  =  ---------------  =  0.255  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88908e+000,  Lz   = 1.88908e+000,  Lb   = 1.88908e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1146.97            1825.10             195.87 

           ---------------------------------------------------------------- 

            TOTAL            1146.97            1825.10             195.87 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10942 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1825.10 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      195.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1146.97 

           -. -------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1825.10 

           -. --------  =  ---------------  =  0.568  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                195.87 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.568  +  0.068 ] 

                      =  0.669  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        141.66 kN. 

                 Vuy               141.66 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =       1810.48 kN. 

                 Vuz              1810.48 

           -. --------  =  ---------------  =  0.297  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       476.15              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             476.15              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                476.15 

           -. -------  =  ---------------  =  0.144  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.124  +  0.000 ] 

                      =  0.196  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       447.70              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             447.70              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                447.70 

           -. -------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10966 DE 12066 

 

 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.068 + [  0.119  +  0.000 ] 

                      =  0.187  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10970 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15049,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10972 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       355.75              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL             355.75              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                355.75 

           -. -------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.119  +  0.000 ] 

                      =  0.173  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15050,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       189.81              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             189.81              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                189.81 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 10988 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.119  +  0.000 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15051,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       265.05              50.97               0.00 

           ---------------------------------------------------------------- 

            TOTAL             265.05              50.97               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                265.05 

           -. -------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11000 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.97 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.124  +  0.000 ] 

                      =  0.164  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.97 kN. 

                 Vuz                47.97 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15052,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.25007e+000,  Lz   = 4.25007e+000,  Lb   = 4.25007e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2027.73      -279.17      -819.72       -41.15       -30.10 

           ------------------------------------------------------------------------------- 

            TOTAL           -2027.73      -279.17      -819.72       -41.15       -30.10 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2027.73 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       18.44 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2438 

              Pey    =  (Area*Fy)/Lambda^2       =   271857.89 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       21.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2811 

              Pez    =  (Area*Fy)/Lambda^2       =   204455.85 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2027.73            -819.72             -30.10 

           ---------------------------------------------------------------- 

            TOTAL           -2027.73            -819.72             -30.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -819.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -30.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    21.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  204455.8523 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.1745e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  204455.8523 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          12.65 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15631.71 kN. 

           -. phiPn =  phi*Pn  =      14068.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2027.73 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            14068.54 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                819.72 

           -. --------  =  ---------------  =  0.288  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 30.10 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.072 + [  0.288  +  0.012 ] 

                      =  0.371  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         35.04 kN. 

                 Vuy                35.04 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        342.54 kN. 

                 Vuz               342.54 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  15053,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       211.23              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             211.23              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                211.23 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.124  +  0.000 ] 

                      =  0.156  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15054,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        35.80              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL              35.80              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 35.80 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.119  +  0.000 ] 

                      =  0.124  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.04 kN. 

                 Vuz                46.04 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15055,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        11.06              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL              11.06              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 11.06 

           -. -------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.002 + [  0.119  +  0.000 ] 

                      =  0.121  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15056,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11055 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        89.53              48.92               0.00 

           ---------------------------------------------------------------- 

            TOTAL              89.53              48.92               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 89.53 

           -. -------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.92 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.014 + [  0.119  +  0.000 ] 

                      =  0.133  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15057,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11067 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       344.16              50.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             344.16              50.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                344.16 

           -. -------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.94 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11075 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.124  +  0.000 ] 

                      =  0.176  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.95 kN. 

                 Vuz                47.95 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35989e+000,  Lz   = 2.35989e+000,  Lb   = 2.35989e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1913.21      -698.32     -1052.61       -54.64       -53.25 

           ------------------------------------------------------------------------------- 

            TOTAL           -1913.21      -698.32     -1052.61       -54.64       -53.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1913.21 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991889.62 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744746.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1913.21           -1052.61             -53.25 

           ---------------------------------------------------------------- 

            TOTAL           -1913.21           -1052.61             -53.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1052.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -53.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744746.7152 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8537e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744746.7152 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.55 kN. 

           -. phiPn =  phi*Pn  =      16366.99 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1913.21 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            16366.99 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1052.61 

           -. --------  =  ---------------  =  0.328  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11086 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 53.25 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.328  +  0.018 ] 

                      =  0.405  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        184.82 kN. 

                 Vuy               184.82 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        315.45 kN. 

                 Vuz               315.45 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15059,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       331.20              50.95               0.00 

           ---------------------------------------------------------------- 

            TOTAL             331.20              50.95               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                331.20 

           -. -------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.95 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.124  +  0.000 ] 

                      =  0.174  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15060,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        81.84              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL              81.84              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 81.84 

           -. -------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.119  +  0.000 ] 

                      =  0.131  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15061,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES         9.43              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL               9.43              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                  9.43 

           -. -------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.001 + [  0.119  +  0.000 ] 

                      =  0.120  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15062,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11126 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        37.47              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL              37.47              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 37.47 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.119  +  0.000 ] 

                      =  0.125  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11137 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  15063,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       213.43              50.96               0.00 

           ---------------------------------------------------------------- 

            TOTAL             213.43              50.96               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                213.43 

           -. -------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.96 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.124  +  0.000 ] 

                      =  0.156  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.96 kN. 

                 Vuz                47.96 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15064,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24973e+000,  Lz   = 4.24973e+000,  Lb   = 4.24973e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1410.45             864.63              33.96 

           ---------------------------------------------------------------- 

            TOTAL            1410.45             864.63              33.96 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      864.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       33.96 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    21.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1410.45 

           -. -------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2850.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2850.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                864.63 

           -. --------  =  ---------------  =  0.303  <  1.000  --->  O.K. 

               phiMny             2850.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.34 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.34 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.34 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 33.96 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMnz             2574.34 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.303  +  0.013 ] 

                      =  0.362  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         35.72 kN. 

                 Vuy                35.72 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        330.28 kN. 

                 Vuz               330.28 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  15065,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       263.38              50.97               0.00 

           ---------------------------------------------------------------- 

            TOTAL             263.38              50.97               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                263.38 

           -. -------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11160 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.97 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.124  +  0.000 ] 

                      =  0.164  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.97 kN. 

                 Vuz                47.97 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15066,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       189.67              48.93               0.00 

           ---------------------------------------------------------------- 

            TOTAL             189.67              48.93               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                189.67 

           -. -------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.93 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [  0.119  +  0.000 ] 

                      =  0.148  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.05 kN. 

                 Vuz                46.05 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15067,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       348.46              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             348.46              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                348.46 

           -. -------  =  ---------------  =  0.106  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.119  +  0.000 ] 

                      =  0.172  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.06 kN. 

                 Vuz                46.06 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11192 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  15068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11193 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       434.36              48.94               0.00 

           ---------------------------------------------------------------- 

            TOTAL             434.36              48.94               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       48.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                434.36 

           -. -------  =  ---------------  =  0.132  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11198 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 48.94 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.119  +  0.000 ] 

                      =  0.185  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         46.06 kN. 

                 Vuz                46.06 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11204 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  15069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       461.05              50.98               0.00 

           ---------------------------------------------------------------- 

            TOTAL             461.05              50.98               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       50.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                461.05 

           -. -------  =  ---------------  =  0.140  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 50.98 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11214 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.070 + [  0.124  +  0.000 ] 

                      =  0.194  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11215 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         47.97 kN. 

                 Vuz                47.97 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  15070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89079e+000,  Lz   = 1.89079e+000,  Lb   = 1.89079e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       910.52            1637.18             256.04 

           ---------------------------------------------------------------- 

            TOTAL             910.52            1637.18             256.04 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1637.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      256.04 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                910.52 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1637.18 

           -. --------  =  ---------------  =  0.510  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                256.04 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.510  +  0.088 ] 

                      =  0.624  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        173.79 kN. 

                 Vuy               173.79 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =       1751.86 kN. 

                 Vuz              1751.86 

           -. --------  =  ---------------  =  0.287  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  15082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.24994e+000,  Lz   = 4.24994e+000,  Lb   = 4.24994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       252.63             958.98             249.14 

           ---------------------------------------------------------------- 

            TOTAL             252.63             958.98             249.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      958.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      249.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    17.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22620.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                252.63 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn            22620.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4982.57 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4982.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                958.98 

           -. --------  =  ---------------  =  0.192  <  1.000  --->  O.K. 

               phiMny             4982.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6598.50 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6598.50 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6598.50 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                249.14 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMnz             6598.50 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.192  +  0.038 ] 

                      =  0.236  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 149-, POS =    J ) 

           -. Applied shear force : Vuy =        174.50 kN. 

                 Vuy               174.50 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        243.95 kN. 

                 Vuz               243.95 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  16010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36003e+000,  Lz   = 2.36003e+000,  Lb   = 2.36003e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -228.36      -800.49      -259.25      -221.99      -185.80 

           ------------------------------------------------------------------------------- 

            TOTAL            -228.36      -800.49      -259.25      -221.99      -185.80 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      228.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991770.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744657.39 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -228.36            -800.49            -221.99 

           ---------------------------------------------------------------- 

            TOTAL            -228.36            -800.49            -221.99 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -800.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -221.99 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744657.3948 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8533e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744657.3948 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.53 kN. 

           -. phiPn =  phi*Pn  =      16366.97 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                228.36 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            16366.97 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                800.49 

           -. --------  =  ---------------  =  0.249  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                221.99 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.249  +  0.077 ] 

                      =  0.333  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        255.04 kN. 

                 Vuy               255.04 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        266.11 kN. 

                 Vuz               266.11 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  16011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34001e+000,  Lz   = 1.34001e+000,  Lb   = 1.34001e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       281.62               4.02               0.00 

           ---------------------------------------------------------------- 

            TOTAL             281.62               4.02               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        4.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                281.62 

           -. -------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.55 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.55 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.55 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.55 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  4.02 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMny              482.55 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.008  +  0.000 ] 

                      =  0.051  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90805e-001,  Lz   = 4.90805e-001,  Lb   = 4.90805e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -164.19         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -164.19         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      164.19 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.28 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0434 

              Pey    =  (Area*Fy)/Lambda^2       =  1845389.92 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.06 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1330 

              Pez    =  (Area*Fy)/Lambda^2       =   196092.06 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -164.19               0.22               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -164.19               0.22               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.22 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.1  <   120.0  --->  O.K. 
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      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  196092.0614 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =  196092.0614 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          56.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3444.01 kN. 

           -. phiPn =  phi*Pn  =       3099.61 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                164.19 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn             3099.61 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  
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           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11261 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 
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      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 
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           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.22 

           -. --------  =  ---------------  =4.456e-004  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 
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   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [4.456e-004  +  0.000 ] 

                      =  0.027  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.32 kN. 

                 Vuz                 5.32 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90245e-001,  Lz   = 4.90245e-001,  Lb   = 4.90245e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        88.30               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL              88.30               0.52               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 88.30 

           -. -------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.001  +  0.000 ] 

                      =  0.014  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33947e+000,  Lz   = 1.33947e+000,  Lb   = 1.33947e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       256.26               5.06               0.00 

           ---------------------------------------------------------------- 

            TOTAL             256.26               5.06               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                256.26 

           -. -------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.57 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.57 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.57 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.06 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMny              482.57 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.010  +  0.000 ] 

                      =  0.049  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  16022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35948e+000,  Lz   = 2.35948e+000,  Lb   = 2.35948e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -337.86     -1114.97      -294.84      -183.39      -250.72 

           ------------------------------------------------------------------------------- 

            TOTAL            -337.86     -1114.97      -294.84      -183.39      -250.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      337.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992231.35 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1570 

              Pez    =  (Area*Fy)/Lambda^2       =   745003.30 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -337.86           -1114.97            -183.39 

           ---------------------------------------------------------------- 

            TOTAL            -337.86           -1114.97            -183.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1114.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -183.39 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  745003.2963 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.359 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8551e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  745003.2963 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.55 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.61 kN. 

           -. phiPn =  phi*Pn  =      16367.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                337.86 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16367.05 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1114.97 

           -. --------  =  ---------------  =  0.347  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                183.39 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.010 + [  0.347  +  0.063 ] 

                      =  0.421  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        237.72 kN. 

                 Vuy               237.72 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        380.54 kN. 

                 Vuz               380.54 

           -. --------  =  ---------------  =  0.062  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  16034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36047e+000,  Lz   = 2.36047e+000,  Lb   = 2.36047e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -420.00     -1481.76      -296.58      -181.74      -157.42 

           ------------------------------------------------------------------------------- 

            TOTAL            -420.00     -1481.76      -296.58      -181.74      -157.42 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      420.00 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991396.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744376.60 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -420.00           -1481.76            -181.74 

           ---------------------------------------------------------------- 

            TOTAL            -420.00           -1481.76            -181.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1481.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -181.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744376.6030 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8518e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744376.6030 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.46 kN. 

           -. phiPn =  phi*Pn  =      16366.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                420.00 

           -. -------  =  ---------------  =          0.03  <  1.000  --->  O.K. 

               phiPn            16366.91 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1481.76 

           -. --------  =  ---------------  =  0.461  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                181.74 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.013 + [  0.461  +  0.063 ] 

                      =  0.537  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        199.59 kN. 

                 Vuy               199.59 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        530.80 kN. 

                 Vuz               530.80 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  16035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34043e+000,  Lz   = 1.34043e+000,  Lb   = 1.34043e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       315.34               3.98               0.00 

           ---------------------------------------------------------------- 

            TOTAL             315.34               3.98               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        3.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                315.34 

           -. -------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.53 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.53 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  3.98 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMny              482.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.008  +  0.000 ] 

                      =  0.056  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         14.98 kN. 

                 Vuz                14.98 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89369e-001,  Lz   = 4.89369e-001,  Lb   = 4.89369e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -204.24         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -204.24         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      204.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.27 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0432 

              Pey    =  (Area*Fy)/Lambda^2       =  1856239.63 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.03 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1326 

              Pez    =  (Area*Fy)/Lambda^2       =   197244.96 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -204.24               0.21               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -204.24               0.21               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.0  <   120.0  --->  O.K. 
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      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  197244.9565 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =  197244.9565 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          56.85 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3444.16 kN. 

           -. phiPn =  phi*Pn  =       3099.75 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                204.24 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn             3099.75 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  
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           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 
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      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 
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           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.21 

           -. --------  =  ---------------  =4.430e-004  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11335 DE 12066 

 

 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [4.430e-004  +  0.000 ] 

                      =  0.033  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.30 kN. 

                 Vuz                 5.30 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90083e-001,  Lz   = 4.90083e-001,  Lb   = 4.90083e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        96.14               0.52               0.00 

           ---------------------------------------------------------------- 

            TOTAL              96.14               0.52               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 96.14 

           -. -------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.52 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.015 + [  0.001  +  0.000 ] 

                      =  0.016  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34046e+000,  Lz   = 1.34046e+000,  Lb   = 1.34046e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       255.05               5.02               0.00 

           ---------------------------------------------------------------- 

            TOTAL             255.05               5.02               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                255.05 

           -. -------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.53 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.53 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.02 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiMny              482.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.010  +  0.000 ] 

                      =  0.049  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11360 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         14.98 kN. 

                 Vuz                14.98 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36032e+000,  Lz   = 2.36032e+000,  Lb   = 2.36032e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -380.43     -1655.33      -453.96      -213.70      -344.52 

           ------------------------------------------------------------------------------- 

            TOTAL            -380.43     -1655.33      -453.96      -213.70      -344.52 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      380.43 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991523.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744471.60 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -380.43           -1655.33            -213.70 

           ---------------------------------------------------------------- 

            TOTAL            -380.43           -1655.33            -213.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1655.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -213.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744471.6021 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8523e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744471.6021 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.48 kN. 

           -. phiPn =  phi*Pn  =      16366.93 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                380.43 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16366.93 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1655.33 

           -. --------  =  ---------------  =  0.516  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                213.70 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.012 + [  0.516  +  0.074 ] 

                      =  0.601  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        234.67 kN. 

                 Vuy               234.67 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        541.03 kN. 

                 Vuz               541.03 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  16070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36014e+000,  Lz   = 2.36014e+000,  Lb   = 2.36014e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11373 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -595.85     -1669.58      -507.05      -158.88      -204.46 

           ------------------------------------------------------------------------------- 

            TOTAL            -595.85     -1669.58      -507.05      -158.88      -204.46 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      595.85 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991677.90 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744587.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -595.85           -1669.58            -158.88 

           ---------------------------------------------------------------- 

            TOTAL            -595.85           -1669.58            -158.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1669.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -158.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744587.7451 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8529e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744587.7451 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.51 kN. 

           -. phiPn =  phi*Pn  =      16366.96 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                595.85 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            16366.96 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1669.58 

           -. --------  =  ---------------  =  0.520  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                158.88 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.520  +  0.055 ] 

                      =  0.593  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        204.21 kN. 

                 Vuy               204.21 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        541.10 kN. 

                 Vuz               541.10 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  16071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.34063e+000,  Lz   = 1.34063e+000,  Lb   = 1.34063e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       206.61               5.07               0.00 

           ---------------------------------------------------------------- 

            TOTAL             206.61               5.07               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                206.61 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.53 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.53 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.53 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.53 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.07 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.53 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.011  +  0.000 ] 

                      =  0.042  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         15.13 kN. 

                 Vuz                15.13 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89519e-001,  Lz   = 4.89519e-001,  Lb   = 4.89519e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        75.57               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL              75.57               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 75.57 

           -. -------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.001  +  0.000 ] 

                      =  0.013  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.30 kN. 

                 Vuz                 5.30 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90123e-001,  Lz   = 4.90123e-001,  Lb   = 4.90123e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -180.88         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -180.88         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      180.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.28 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0433 

              Pey    =  (Area*Fy)/Lambda^2       =  1850529.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.05 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1328 

              Pez    =  (Area*Fy)/Lambda^2       =   196638.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -180.88               0.21               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -180.88               0.21               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.1  <   120.0  --->  O.K. 
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      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  196638.1651 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =  196638.1651 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          56.67 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3444.08 kN. 

           -. phiPn =  phi*Pn  =       3099.68 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                180.88 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn             3099.68 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  
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           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 
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      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 
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           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.21 

           -. --------  =  ---------------  =4.444e-004  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 
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   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.029 + [4.444e-004  +  0.000 ] 

                      =  0.030  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  16081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.33972e+000,  Lz   = 1.33972e+000,  Lb   = 1.33972e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -302.23         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

            TOTAL            -302.23         0.00         0.00         0.00         0.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      302.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.95 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1184 

              Pey    =  (Area*Fy)/Lambda^2       =   247673.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       27.47 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.3631 

              Pez    =  (Area*Fy)/Lambda^2       =    26317.94 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -302.23               1.67               0.00 

           ---------------------------------------------------------------- 

            TOTAL            -302.23               1.67               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        1.67 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    27.5  <   120.0  --->  O.K. 
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      ( ). Check width-thickness ratio of flange (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  0.56*SQRT[Es/Fy]  =   13.49 

           -. BTR  =  bf/2tf  =    6.11  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of unstiffened elements (Qs). 

           -. Qs  =  1.0 (Unstiffened elements are not Slender.) 

 

      ( ). Check depth-thickness ratio of web (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2  =    0.32 m. 

           -. DTR  =  Dweb/tw  =   34.00  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =   3469.6139 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =   26317.9365 kN. 

                       (Kl/r)^2           
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      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = Pe_FB  =   26317.9365 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =           7.59 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =        3283.35 kN. 

           -. phiPn =  phi*Pn  =       2955.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                302.23 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn             2955.01 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  
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           -. Limit Value  = 150 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  
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               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 
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      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 
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      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 

           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.34 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 
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                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.56 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.56 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.56 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.56 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.56 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  1.67 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMny              482.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.003  +  0.000 ] 

                      =  0.055  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.12 kN. 

                 Vuz                15.12 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17008,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.89923e-001,  Lz   = 4.89923e-001,  Lb   = 4.89923e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       496.01               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             496.01               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                496.01 

           -. -------  =  ---------------  =  0.150  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.001  +  0.000 ] 

                      =  0.077  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17009,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.35020e+000,  Lz   = 1.35020e+000,  Lb   = 1.35020e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       660.69               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             660.69               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                660.69 

           -. -------  =  ---------------  =  0.200  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11452 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.21 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.21 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.21 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.21 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.21 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.21 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.200 + (8/9)*[  0.011  +  0.000 ] 

                      =  0.210  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 
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           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.24 kN. 

                 Vuz                15.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36026e+000,  Lz   = 2.36026e+000,  Lb   = 2.36026e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11459 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1274.84      -367.74      -592.71       -40.15       -61.64 

           ------------------------------------------------------------------------------- 

            TOTAL           -1274.84      -367.74      -592.71       -40.15       -61.64 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1274.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991576.08 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744511.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1274.84            -592.71             -61.64 

           ---------------------------------------------------------------- 

            TOTAL           -1274.84            -592.71             -61.64 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -592.71 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -61.64 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744511.2925 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8525e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744511.2925 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.49 kN. 

           -. phiPn =  phi*Pn  =      16366.94 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1274.84 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            16366.94 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                592.71 

           -. --------  =  ---------------  =  0.185  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 61.64 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.185  +  0.021 ] 

                      =  0.245  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        256.58 kN. 

                 Vuy               256.58 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        252.63 kN. 

                 Vuz               252.63 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       118.55              45.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             118.55              45.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                118.55 

           -. -------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.15 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.110  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17012,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11482 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        41.73              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              41.73              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 41.73 

           -. -------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.105  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17013,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        30.99              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              30.99              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 30.99 

           -. -------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.105  +  0.000 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17014,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        22.17              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              22.17              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 22.17 

           -. -------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.105  +  0.000 ] 

                      =  0.109  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17015,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       224.70              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             224.70              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                224.70 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.110  +  0.000 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17016,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99994e+000,  Lz   = 3.99994e+000,  Lb   = 3.99994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1317.01             586.21              19.88 

           ---------------------------------------------------------------- 

            TOTAL            1317.01             586.21              19.88 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      586.21 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       19.88 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    20.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1317.01 

           -. -------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.10 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.10 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                586.21 

           -. --------  =  ---------------  =  0.206  <  1.000  --->  O.K. 

               phiMny             2851.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 19.88 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.206  +  0.008 ] 

                      =  0.256  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         43.44 kN. 

                 Vuy                43.44 

           -. --------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        200.64 kN. 

                 Vuz               200.64 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  17017,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       223.75              45.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             223.75              45.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                223.75 

           -. -------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.15 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.110  +  0.000 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17018,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        25.07              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              25.07              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 25.07 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.105  +  0.000 ] 

                      =  0.109  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17019,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        30.89              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              30.89              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 30.89 

           -. -------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.105  +  0.000 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        38.31              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              38.31              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 38.31 

           -. -------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11576 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11577 DE 12066 

 

 

           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.105  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       125.78              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             125.78              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                125.78 

           -. -------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.110  +  0.000 ] 

                      =  0.129  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36047e+000,  Lz   = 2.36047e+000,  Lb   = 2.36047e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1267.26      -385.86      -532.66       -88.86       -75.26 

           ------------------------------------------------------------------------------- 

            TOTAL           -1267.26      -385.86      -532.66       -88.86       -75.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1267.26 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991399.54 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744378.74 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1267.26            -532.66             -75.26 

           ---------------------------------------------------------------- 

            TOTAL           -1267.26            -532.66             -75.26 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -532.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -75.26 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11602 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744378.7405 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8518e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744378.7405 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.51 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.46 kN. 

           -. phiPn =  phi*Pn  =      16366.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1267.26 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            16366.91 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                532.66 

           -. --------  =  ---------------  =  0.166  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 75.26 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.166  +  0.026 ] 

                      =  0.231  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        210.00 kN. 

                 Vuy               210.00 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        283.42 kN. 

                 Vuz               283.42 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17023,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.35059e+000,  Lz   = 1.35059e+000,  Lb   = 1.35059e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       666.89               5.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             666.89               5.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                666.89 

           -. -------  =  ---------------  =  0.202  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11610 DE 12066 

 

 

           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.20 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.20 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.20 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.20 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.20 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.15 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.20 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11616 DE 12066 

 

 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.202 + (8/9)*[  0.011  +  0.000 ] 

                      =  0.212  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 
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           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.24 kN. 

                 Vuz                15.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17024,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90066e-001,  Lz   = 4.90066e-001,  Lb   = 4.90066e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       469.36               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             469.36               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                469.36 

           -. -------  =  ---------------  =  0.142  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.071 + [  0.001  +  0.000 ] 

                      =  0.073  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17032,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.90181e-001,  Lz   = 4.90181e-001,  Lb   = 4.90181e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       487.00               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             487.00               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    10.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                487.00 

           -. -------  =  ---------------  =  0.148  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11636 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    0.49 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lb < Lp  --->  compact unbraced length 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB). 

           [ AASHTO-LRFD12 Specification A6.3.3] 

           -. Rpc  =    1.10 

           -. Myc  =  439.75 kN-m. 

           -. Mnc_LTB =  Rpc*Myc  =  482.89 kN-m. 
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      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.89 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.89 kN-m. 
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      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.001  <  1.000  --->  O.K. 

               phiMny              482.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 
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      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.074 + [  0.001  +  0.000 ] 

                      =  0.075  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17033,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.35061e+000,  Lz   = 1.35061e+000,  Lb   = 1.35061e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       666.56               5.15               0.00 

           ---------------------------------------------------------------- 

            TOTAL             666.56               5.15               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.15 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    27.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                666.56 

           -. -------  =  ---------------  =  0.202  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    1.35 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   482.20 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  482.20 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  482.20 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        482.20 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        482.20 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.15 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMny              482.20 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.202 + (8/9)*[  0.011  +  0.000 ] 

                      =  0.212  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 
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           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.24 kN. 

                 Vuz                15.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11653 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  17034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35953e+000,  Lz   = 2.35953e+000,  Lb   = 2.35953e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -357.29      -430.35      -599.44      -142.89      -165.84 

           ------------------------------------------------------------------------------- 

            TOTAL            -357.29      -430.35      -599.44      -142.89      -165.84 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      357.29 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992190.18 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1570 

              Pez    =  (Area*Fy)/Lambda^2       =   744972.38 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -357.29            -599.44            -165.84 

           ---------------------------------------------------------------- 

            TOTAL            -357.29            -599.44            -165.84 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -599.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -165.84 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744972.3848 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8549e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744972.3848 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.61 kN. 

           -. phiPn =  phi*Pn  =      16367.04 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                357.29 

           -. -------  =  ---------------  =          0.02  <  1.000  --->  O.K. 

               phiPn            16367.04 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                599.44 

           -. --------  =  ---------------  =  0.187  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                165.84 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.011 + [  0.187  +  0.057 ] 

                      =  0.255  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        200.05 kN. 

                 Vuy               200.05 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        382.46 kN. 

                 Vuz               382.46 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17035,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       124.89              44.68               0.00 

           ---------------------------------------------------------------- 

            TOTAL             124.89              44.68               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       44.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                124.89 

           -. -------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 44.68 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.109  +  0.000 ] 

                      =  0.128  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         44.68 kN. 

                 Vuz                44.68 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17036,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        37.46              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              37.46              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 37.46 

           -. -------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.105  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17037,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        30.02              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              30.02              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 30.02 

           -. -------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.105  +  0.000 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17038,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11701 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        28.34              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              28.34              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 28.34 

           -. -------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.105  +  0.000 ] 

                      =  0.110  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17039,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       238.38              44.68               0.00 

           ---------------------------------------------------------------- 

            TOTAL             238.38              44.68               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       44.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                238.38 

           -. -------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 44.68 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.109  +  0.000 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         44.69 kN. 

                 Vuz                44.69 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00021e+000,  Lz   = 4.00021e+000,  Lb   = 4.00021e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1339.52             602.51              28.70 

           ---------------------------------------------------------------- 

            TOTAL            1339.52             602.51              28.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      602.51 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       28.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    20.0  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      15349.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1339.52 

           -. -------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiPn            15349.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.09 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                602.51 

           -. --------  =  ---------------  =  0.211  <  1.000  --->  O.K. 

               phiMny             2851.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 28.70 

           -. --------  =  ---------------  =  0.011  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.211  +  0.011 ] 

                      =  0.266  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         36.15 kN. 

                 Vuy                36.15 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        224.22 kN. 

                 Vuz               224.22 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  17041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       232.39              44.69               0.00 

           ---------------------------------------------------------------- 

            TOTAL             232.39              44.69               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       44.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                232.39 

           -. -------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 44.69 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.109  +  0.000 ] 

                      =  0.144  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         44.69 kN. 

                 Vuz                44.69 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11743 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  17042,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        27.13              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              27.13              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 27.13 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.105  +  0.000 ] 

                      =  0.109  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11754 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11755 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  17043,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        39.71              43.32               0.00 

           ---------------------------------------------------------------- 

            TOTAL              39.71              43.32               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 39.71 

           -. -------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.32 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.105  +  0.000 ] 

                      =  0.111  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.33 kN. 

                 Vuz                43.33 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17044,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        43.26              43.36               0.00 

           ---------------------------------------------------------------- 

            TOTAL              43.26              43.36               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.36 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 43.26 

           -. -------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11775 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.36 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.105  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.35 kN. 

                 Vuz                43.35 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17045,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11780 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       121.79              44.68               0.00 

           ---------------------------------------------------------------- 

            TOTAL             121.79              44.68               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       44.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                121.79 

           -. -------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 44.68 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11789 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.109  +  0.000 ] 

                      =  0.127  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         44.68 kN. 

                 Vuz                44.68 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.36036e+000,  Lz   = 2.36036e+000,  Lb   = 2.36036e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -145.23      -484.72      -676.34      -213.68      -182.98 

           ------------------------------------------------------------------------------- 

            TOTAL            -145.23      -484.72      -676.34      -213.68      -182.98 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      145.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   991494.92 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.89 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1571 

              Pez    =  (Area*Fy)/Lambda^2       =   744450.36 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -145.23            -676.34            -182.98 

           ---------------------------------------------------------------- 

            TOTAL            -145.23            -676.34            -182.98 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -676.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -182.98 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  744450.3555 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.360 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8522e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  744450.3555 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.47 kN. 

           -. phiPn =  phi*Pn  =      16366.93 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                145.23 

           -. -------  =  ---------------  =     8.87e-003  <  1.000  --->  O.K. 

               phiPn            16366.93 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                676.34 

           -. --------  =  ---------------  =  0.211  <  1.000  --->  O.K. 

               phiMny             3211.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                182.98 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             2894.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.211  +  0.063 ] 

                      =  0.278  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        187.72 kN. 

                 Vuy               187.72 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        422.53 kN. 

                 Vuz               422.53 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17047,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       682.16               5.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             682.16               5.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                682.16 

           -. -------  =  ---------------  =  0.207  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.14 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.207 + (8/9)*[  0.013  +  0.000 ] 

                      =  0.218  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 
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           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.24 kN. 

                 Vuz                15.24 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17048,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       524.02               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             524.02               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                524.02 

           -. -------  =  ---------------  =  0.159  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.079 + [  0.002  +  0.000 ] 

                      =  0.081  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =          5.30 kN. 

                 Vuz                 5.30 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17068,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       508.68               0.65               0.00 

           ---------------------------------------------------------------- 

            TOTAL             508.68               0.65               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        0.65 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                508.68 

           -. -------  =  ---------------  =  0.154  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  0.65 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.077 + [  0.002  +  0.000 ] 

                      =  0.079  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =          5.31 kN. 

                 Vuz                 5.31 

           -. --------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17069,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       657.56               5.13               0.00 

           ---------------------------------------------------------------- 

            TOTAL             657.56               5.13               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =        5.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                657.56 

           -. -------  =  ---------------  =  0.199  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                  5.13 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.100 + [  0.012  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         15.22 kN. 

                 Vuz                15.22 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35916e+000,  Lz   = 2.35916e+000,  Lb   = 2.35916e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -105.10      -531.67      -722.99      -122.01      -153.42 

           ------------------------------------------------------------------------------- 

            TOTAL            -105.10      -531.67      -722.99      -122.01      -153.42 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      105.10 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.29 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1361 

              Pey    =  (Area*Fy)/Lambda^2       =   992499.84 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1570 

              Pez    =  (Area*Fy)/Lambda^2       =   745204.89 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -105.10            -722.99            -153.42 

           ---------------------------------------------------------------- 

            TOTAL            -105.10            -722.99            -153.42 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -722.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -153.42 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  745204.8859 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.359 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8561e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  745204.8859 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          40.56 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18185.66 kN. 

           -. phiPn =  phi*Pn  =      16367.10 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                105.10 

           -. -------  =  ---------------  =     6.42e-003  <  1.000  --->  O.K. 

               phiPn            16367.10 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3211.06 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3211.06 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                722.99 

           -. --------  =  ---------------  =  0.225  <  1.000  --->  O.K. 

               phiMny             3211.06 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2894.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2894.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2894.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                153.42 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             2894.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.003 + [  0.225  +  0.053 ] 

                      =  0.281  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        176.15 kN. 

                 Vuy               176.15 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        439.08 kN. 

                 Vuz               439.08 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  17071,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       109.21              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             109.21              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                109.21 

           -. -------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.017 + [  0.110  +  0.000 ] 

                      =  0.126  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17072,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        49.64              43.35               0.00 

           ---------------------------------------------------------------- 

            TOTAL              49.64              43.35               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 49.64 

           -. -------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.35 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.008 + [  0.105  +  0.000 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17073,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        44.22              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              44.22              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 44.22 

           -. -------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.105  +  0.000 ] 

                      =  0.112  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17074,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        24.98              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              24.98              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 24.98 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.105  +  0.000 ] 

                      =  0.109  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11908 DE 12066 

 

 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17075,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       230.02              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             230.02              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                230.02 

           -. -------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.110  +  0.000 ] 

                      =  0.145  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   =  17076,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     4 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.478 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 4.68686e-002,  Asy  = 2.22000e-002,  Asz  = 2.66400e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.10811e-001,  Qzb  = 9.76164e-002 

         Syy  = 8.29459e-003,  Szz  = 7.48573e-003,  Zyy  = 9.84005e-003,  Zzz  = 8.66834e-003 

         Iyy  = 2.48838e-003,  Izz  = 1.87143e-003,  Iyz  = 0.00000e+000 

         ry   = 2.30418e-001,  rz   = 1.99823e-001 

         J    = 3.20576e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.99997e+000,  Lz   = 3.99997e+000,  Lb   = 3.99997e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1728.73      -465.91      -361.86       -58.82       -32.97 

           ------------------------------------------------------------------------------- 

            TOTAL           -1728.73      -465.91      -361.86       -58.82       -32.97 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1728.73 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       17.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2294 

              Pey    =  (Area*Fy)/Lambda^2       =   306915.68 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       20.02 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2646 

              Pez    =  (Area*Fy)/Lambda^2       =   230821.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.01 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1728.73            -465.91             -58.82 

           ---------------------------------------------------------------- 

            TOTAL           -1728.73            -465.91             -58.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -465.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -58.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    20.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.46 m. 

           -. DTRf  =  Dflg/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.46 m. 

           -. DTRw  =  Dweb/tf   =   20.52  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.047 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  16157.3999 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  230821.7216 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.3259e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  230821.7216 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          14.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       15690.88 kN. 

           -. phiPn =  phi*Pn  =      14121.79 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1728.73 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            14121.79 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2851.09 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2851.09 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                465.91 

           -. --------  =  ---------------  =  0.163  <  1.000  --->  O.K. 

               phiMny             2851.09 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2574.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2574.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2574.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 58.82 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiMnz             2574.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.163  +  0.023 ] 

                      =  0.247  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       4438.85 kN. 

           -. Vny =  C*Vp  =       4438.85 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         60.47 kN. 

                 Vuy                60.47 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             4438.85 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        205.64 kN. 

                 Vuz               205.64 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  17077,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       222.48              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             222.48              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                222.48 

           -. -------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11940 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.110  +  0.000 ] 

                      =  0.143  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17078,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        27.13              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              27.13              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 27.13 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.105  +  0.000 ] 

                      =  0.109  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17079,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        14.54              43.33               0.00 

           ---------------------------------------------------------------- 

            TOTAL              14.54              43.33               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 14.54 

           -. -------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.33 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.002 + [  0.105  +  0.000 ] 

                      =  0.108  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17080,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        47.88              43.34               0.00 

           ---------------------------------------------------------------- 

            TOTAL              47.88              43.34               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       43.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 47.88 

           -. -------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 
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      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 43.34 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.105  +  0.000 ] 

                      =  0.113  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =         43.34 kN. 

                 Vuz                43.34 

           -. --------  =  ---------------  =  0.065  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17081,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     7 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = W14X53 

         Shape     = I - Section. (Rolled) 

         Depth     =      0.353,  Top F Width =      0.205,  Bot.F Width =      0.205 

         Web Thick =      0.009,  Top F Thick =      0.017,  Bot.F Thick =      0.017 

 

         Area = 1.00645e-002,  Asy  = 4.57599e-003,  Asz  = 3.31806e-003 

         Ybar = 1.02362e-001,  Zbar = 1.76530e-001,  Qyb  = 7.41674e-002,  Qzb  = 5.23899e-003 

         Syy  = 1.27491e-003,  Szz  = 2.34335e-004,  Zyy  = 1.42731e-003,  Zzz  = 3.60515e-004 

         Iyy  = 2.25181e-004,  Izz  = 2.40166e-005,  Iyz  = 0.00000e+000 

         ry   = 1.49606e-001,  rz   = 4.87680e-002 

         J    = 8.07489e-007,  Cwp  = 6.77823e-007 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.50000e+000,  Lz   = 3.50000e+000,  Lb   = 3.50000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <1/2>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       143.18              45.14               0.00 

           ---------------------------------------------------------------- 

            TOTAL             143.18              45.14               0.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =       45.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =        0.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    71.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =       3296.13 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                143.18 

           -. -------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiPn             3296.13 

 

====================================================================================== 

   [[[*]]]   CHECK SECTION PROPORTION LIMITS 

====================================================================================== 

 

      ( ). Check Web Proportions (AASHTO-LRFD12 Eq.6.10.2.1.1-1)  

 

           -. Limit Value  = 150 
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           -. D/tw  =   34.00  <  Limit Value  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-1)  

 

           -. bf/2tf  =    6.11  <     12.00  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-2)  

 

           -. bf  >  D/6 =    0.05  --->  O.K. 

 

      ( ). Check Flange Proportions (AASHTO-LRFD12 Eq.6.10.2.2-3)  

 

           -. tf > 1.1*tw =    0.01  --->  O.K. 

 

      ( ). Check general proportions  

                       Izc           1.1987e-005 

           -. 0.1  <  ------  =  ----------------  =  1.000  <  10    --->  O.K. 

                       Izt           1.1987e-005 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11984 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      => Flextural Resistance is Checked by AASHTO-LRFD12 Specification   

 

====================================================================================== 

   [[[*]]]   CHECK SECTION SLENDERNESS 

====================================================================================== 

 

      ( ). Check Flange ratio  

               Izc           1.1987e-005 

           -. ------  =  ----------------  =  1.000  >  0.3  

               Izt           1.1987e-005 

 

      ( ). Check web slenderness  

           -. Limit Value  =  5.7*SQRT[E/Fyc]  =  137.27 

 

           -. 2Dc/tw  =   34.00  <  Limit Value  

 

           -. Fyc  =50ksi  <  70.0 ksi  

 

      => Section is Checking by AASHTO-LRFD12 Appendix 6   

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Check Web Compactness Length 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Dcp   =    0.16 m. 

           -. Dc    =    0.16 m. 

           -. Mp    =  482.89 kN-m. 
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           -. My    =  439.75 kN-m. 

           -. Rh    =    1.00(homogenous section) 

           -. Lambda_rw = 5.7*SQRT[Es/Fyc] =   137.27 

                                                              

                                          SQRT[Es/Fyc]        

           -. Lambda_pw(Dcp)_cal = ------------------------- =    95.19 

                                    (0.54*Mp/(Rh*My)-0.09)^2  

                                                              

           -. Lambda_pw(Dcp)_lim = Lambda_rw * (Dcp/Dc)    =   137.27 

           -. Lambda_pw(Dcp)     = min[Lambda_pw(Dcp)_cal, Lambda_pw(Dcp)_lim ] =    95.19 

           -. Lambda_w(Dcp)      = 2*Dcp/tw =    34.00 

 

           -. Lambda_w(Dcp) < Lambda_pw(Dcp)  --->  compact web 

 

      ( ). Web Plastification Factor 

           [ AASHTO-LRFD12 Specification A6.2.1] 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Rpc  =  Mp/Myc  =    1.10 

           -. Rpt  =  Mp/Myt  =    1.10 
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      ( ). Check compression-flange compactness 

           -. Lambda_pf  =  0.38*SQRT[E/Fyc]  =    9.15 

           -. Lambda_f = bf/2tf  =    6.11  <  Lambda_pf  --->  Compact. 

 

      ( ). Compute nominal flexural strength of the Compression Flange (Mnc). 

           [ AASHTO-LRFD12 Specification A6.3.2] 

           -. Rpc =    1.10 

           -. Myc =  439.75 kN-m. 

           -. Mnc_FLB  =  Rpc*Myc  =  482.89 kN-m. 

 

      ( ). Effective Radius of Gyration for Lateral Torsional Buckling (rt) 

           -. depth of the web in compression(Dc)  =    0.16 m. 

                                   bfc                    

           -. rt = ----------------------------------- =     0.06 m. 

                       [    (    1    Dc*tw   ) ] 

                   SQRT[ 12*(1 + - * -------- ) ] 

                       [    (    3   bfc*tfc  ) ] 

 

      ( ). Unbraced Length Limit (Lr) 

           -. yc   =     0.18 m. 

           -. yt   =     0.18 m. 

           -. Myc  = Fyc*Iyy/yc =  439.75 kN-m. 

           -. Myt  = Fyt*Iyy/yt =  439.75 kN-m. 

           -. Sxc  = Myc/Fyc =1.28e-003 m^3. 

           -. Sxt  = Myt/Fyt =1.28e-003 m^3. 

           -. Fyr_cal  = min[0.7Fyc, Rh*Fyt*Sxt/Sxc, Fyw] = 2.41e+005 KPa. 

           -. Fyr_lim  = 0.5Fyc = 1.72e+005 KPa. 

           -. Fyr      = MAX[Fyr_cal, Fyr_lim] = 2.41e+005 KPa. 

           -. J   = 8.07e-007 m^4. 
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           -. h   =     0.34 m. 

           -. X1  = J/(Sxc*h) = 1.88e-003 

           -. X2  = SQRT[1+6.76*(Fyr/Es*Sxc*h/J)^2] =     1.94 

           -. Lr  = 1.95*rt*Es/Fyr * SQRT[X1] * SQRT[1 + X2] =     6.64 m. 

 

      ( ). Unbraced Length(Lb) Check 

           -. Lb  =    3.50 m. 

           -. Lp  = 1.0*rt*SQRT(Es/Fyc) =    1.33 m. 

 

           -. Lp < Lb < Lr  --->  noncompact unbraced length 

 

      ( ). Calculate bending coefficient (Cb). 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Cb     =  1.000 (User defined or default value) 
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      ( ). Compute Lateral Torsional Buckling Resistance of Compression Flange (Mnc_LTB) 

           [ AASHTO-LRFD12 Specification A6.3.3 ] 

           -. Mnc_lim  = Rpc*Myc  =  482.89 kN-m. 

                                                                 

                            [    (      Fyr*Sxc )   ( Lb - Lp )] 

           -. Mnc_calc = Cb*[1 - (1 - ----------) * (---------)]*Rpc*Myc =   411.35 kN-m. 

                            [    (      Rpc*Myc )   ( Lr - Lp )] 

                                                                 

           -. Mnc_LTB  = min[Mnc_calc, Mnc_lim]    =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Compression Flange (Mnc) 

           -. Mnc  =  min[Mnc_FLB, Mnc_LTB] =  411.35 kN-m. 

 

      ( ). Compute nominal flexural strength of Tension Flange (Mnt). 

           [ AASHTO-LRFD12 Specification A6.4] 

           -. Rpt  =    1.10 

           -. Myt  =        439.75 kN-m. 

           -. Mnt  =  Rpt*Myt  =        482.89 kN-m. 

 

           -. Mn  =  min(Mnc, Mnt)  =        411.35 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =        411.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                 45.14 

           -. --------  =  ---------------  =  0.110  <  1.000  --->  O.K. 

               phiMny              411.35 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Slenderness ratio for flange (lamda_f) 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

           -. lamda_f   = bf/(2*tf) =     6.11 

           -. lamda_pf  = 0.038*SQRT(Es/Fyf) =     0.92 

           -. lamda_rf  = 0.83*SQRT(Es/Fyf) =    19.99 

 

           -. lamda_pf < lamda_f < lamda_rf  --->  noncompact flange 

 

      ( ). Compute nominal flexural strength of the flange (Mn). 

           [ AASHTO-LRFD12 Specification 6.12.2.2] 

                                                   

                   [    (     Szz )   ( Lambda_f  - Lambda_pf )] 

           -. Mn = [1 - (1 - -----) * (-----------------------)]*Fy*Zzz =   103.45 kN-m. 

                   [    (     Zzz )   (    0.45*SQRT[Es/Fy]   )] 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =        103.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =        103.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  0.00 

           -. --------  =  ---------------  =  0.000  <  1.000  --->  O.K. 

               phiMnz              103.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.110  +  0.000 ] 

                      =  0.131  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =        663.44 kN. 

           -. Vnz =  C*Vp  =        663.44 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =         45.14 kN. 

                 Vuz                45.14 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVnz              663.44 
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      *. PROJECT     :  

      *. MEMBER NO   =  17082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.99958e+000,  Lz   = 1.99958e+000,  Lb   = 1.99958e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -925.89      -178.51      -915.78      -289.06      -142.77 

           ------------------------------------------------------------------------------- 

            TOTAL            -925.89      -178.51      -915.78      -289.06      -142.77 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      925.89 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1054 

              Pey    =  (Area*Fy)/Lambda^2       =  2143127.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.36 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0709 

              Pez    =  (Area*Fy)/Lambda^2       =  4736897.70 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -925.89            -915.78            -142.77 

           ---------------------------------------------------------------- 

            TOTAL            -925.89            -915.78            -142.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -915.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -142.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2143127.2515 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4455e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 11999 DE 12066 

 

 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2143127.2515 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          99.42 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21465.06 kN. 

           -. phiPn =  phi*Pn  =      19318.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                925.89 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            19318.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4986.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4986.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                915.78 

           -. --------  =  ---------------  =  0.184  <  1.000  --->  O.K. 

               phiMny             4986.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6608.39 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6608.39 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6608.39 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                142.77 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6608.39 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.184  +  0.022 ] 

                      =  0.229  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        231.17 kN. 

                 Vuy               231.17 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        494.76 kN. 

                 Vuz               494.76 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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      *. PROJECT     :  

      *. MEMBER NO   =  18004,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.88994e+000,  Lz   = 1.88994e+000,  Lb   = 1.88994e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1457.30             963.50              68.43 

           ---------------------------------------------------------------- 

            TOTAL            1457.30             963.50              68.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      963.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       68.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     9.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1457.30 

           -. -------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                963.50 

           -. --------  =  ---------------  =  0.300  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 12007 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 68.43 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.300  +  0.024 ] 

                      =  0.365  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         47.31 kN. 

                 Vuy                47.31 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =       1045.48 kN. 

                 Vuz              1045.48 

           -. --------  =  ---------------  =  0.172  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63941e+000,  Lz   = 1.63941e+000,  Lb   = 1.63941e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES        78.29            1311.83             148.57 

           ---------------------------------------------------------------- 

            TOTAL              78.29            1311.83             148.57 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1311.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      148.57 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                 78.29 

           -. -------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.75 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1311.83 

           -. --------  =  ---------------  =  0.408  <  1.000  --->  O.K. 

               phiMny             3212.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                148.57 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.002 + [  0.408  +  0.051 ] 

                      =  0.462  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        187.71 kN. 

                 Vuy               187.71 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        844.80 kN. 

                 Vuz               844.80 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18022,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63992e+000,  Lz   = 1.63992e+000,  Lb   = 1.63992e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       152.37            1197.99             181.62 

           ---------------------------------------------------------------- 

            TOTAL             152.37            1197.99             181.62 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1197.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      181.62 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                152.37 

           -. -------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1197.99 

           -. --------  =  ---------------  =  0.373  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                181.62 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.373  +  0.063 ] 

                      =  0.440  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        157.86 kN. 

                 Vuy               157.86 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        751.77 kN. 

                 Vuz               751.77 

           -. --------  =  ---------------  =  0.123  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18034,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64042e+000,  Lz   = 1.64042e+000,  Lb   = 1.64042e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       133.42            1093.86             140.44 

           ---------------------------------------------------------------- 

            TOTAL             133.42            1093.86             140.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1093.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      140.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                133.42 

           -. -------  =  ---------------  =  0.008  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1093.86 

           -. --------  =  ---------------  =  0.340  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.45 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                140.44 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             2895.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.004 + [  0.340  +  0.049 ] 

                      =  0.393  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        191.22 kN. 

                 Vuy               191.22 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 12030 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        700.48 kN. 

                 Vuz               700.48 

           -. --------  =  ---------------  =  0.115  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18046,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.63992e+000,  Lz   = 1.63992e+000,  Lb   = 1.63992e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       614.85            1067.95             182.10 

           ---------------------------------------------------------------- 

            TOTAL             614.85            1067.95             182.10 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1067.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      182.10 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                614.85 

           -. -------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1067.95 

           -. --------  =  ---------------  =  0.332  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.46 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.46 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.46 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                182.10 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiMnz             2895.46 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.332  +  0.063 ] 

                      =  0.413  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        164.54 kN. 

                 Vuy               164.54 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        665.90 kN. 

                 Vuz               665.90 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18058,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.89041e+000,  Lz   = 1.89041e+000,  Lb   = 1.89041e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2483.52     -1269.96      -251.19        -8.77       -43.58 

           ------------------------------------------------------------------------------- 

            TOTAL           -2483.52     -1269.96      -251.19        -8.77       -43.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2483.52 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1090 

              Pey    =  (Area*Fy)/Lambda^2       =  1545723.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.52 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1258 

              Pez    =  (Area*Fy)/Lambda^2       =  1160585.04 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2483.52           -1269.96              -8.77 

           ---------------------------------------------------------------- 

            TOTAL           -2483.52           -1269.96              -8.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1269.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       -8.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     9.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 12042 DE 12066 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.45 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.55 m. 

           -. DTRw  =  Dweb/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.55 m. 

           -. DTRf  =  Dflg/tw   =   21.62  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 
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           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.45 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.053 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  18374.3133 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 1160585.0355 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.890 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0055e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 1160585.0355 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          63.16 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       18252.96 kN. 

           -. phiPn =  phi*Pn  =      16427.66 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2483.52 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            16427.66 
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====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.16 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.16 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1269.96 

           -. --------  =  ---------------  =  0.395  <  1.000  --->  O.K. 

               phiMny             3212.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.04 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.04 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                  8.77 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiMnz             2895.04 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.076 + [  0.395  +  0.003 ] 

                      =  0.474  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 
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====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        102.39 kN. 

                 Vuy               102.39 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        927.69 kN. 

                 Vuz               927.69 

           -. --------  =  ---------------  =  0.152  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18070,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148+,  MATERIAL NO  =     3,  SECTION NO =     3 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 500x600x(1") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      0.500,  Web Center  =      0.475 

         Web Thick =      0.025,  Top F Thick =      0.025,  Bot.F Thick =      0.025 

 

         Area = 5.32994e-002,  Asy  = 2.54000e-002,  Asz  = 3.04800e-002 

         Ybar = 2.50000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.09528e-001,  Qzb  = 9.64126e-002 

         Syy  = 9.33055e-003,  Szz  = 8.40686e-003,  Zyy  = 1.11280e-002,  Zzz  = 9.79552e-003 

         Iyy  = 2.79917e-003,  Izz  = 2.10172e-003,  Iyz  = 0.00000e+000 

         ry   = 2.29168e-001,  rz   = 1.98576e-001 

         J    = 3.60074e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.64013e+000,  Lz   = 1.64013e+000,  Lb   = 1.64013e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 12050 DE 12066 

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       574.02            1143.86              53.22 

           ---------------------------------------------------------------- 

            TOTAL             574.02            1143.86              53.22 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1143.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       53.22 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     8.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      17455.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                574.02 

           -. -------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiPn            17455.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       3212.74 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       3212.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1143.86 

           -. --------  =  ---------------  =  0.356  <  1.000  --->  O.K. 

               phiMny             3212.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2895.45 kN-m. 
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      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2895.45 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2895.45 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 53.22 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             2895.45 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.016 + [  0.356  +  0.018 ] 

                      =  0.391  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 
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           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       5078.68 kN. 

           -. Vny =  C*Vp  =       5078.68 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        163.84 kN. 

                 Vuy               163.84 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             5078.68 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        707.47 kN. 

                 Vuz               707.47 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   =  18082,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =     2 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = 1000x600x(7/8") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.600,  Flg Width   =      1.000,  Web Center  =      0.978 

         Web Thick =      0.022,  Top F Thick =      0.022,  Bot.F Thick =      0.022 

 

         Area = 6.90686e-002,  Asy  = 4.44000e-002,  Asz  = 2.66400e-002 

         Ybar = 5.00000e-001,  Zbar = 3.00000e-001,  Qyb  = 1.83036e-001,  Qzb  = 2.60816e-001 

         Syy  = 1.44739e-002,  Szz  = 1.91948e-002,  Zyy  = 1.62536e-002,  Zzz  = 2.31605e-002 

         Iyy  = 4.34217e-003,  Izz  = 9.59739e-003,  Iyz  = 0.00000e+000 

         ry   = 2.50734e-001,  rz   = 3.72766e-001 

         J    = 9.11046e-003,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.00083e+000,  Lz   = 2.00083e+000,  Lb   = 2.00083e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y SERVICIOS 

Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 3. DISEÑO DE TABLERO DE ACERO 

 

 

No. Clave:                     DGOT-20-EST-III-0116-00317-M-00 

 

HOJA: 12057 DE 12066 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -913.79      -915.80      -309.06      -142.77       -45.79 

           ------------------------------------------------------------------------------- 

            TOTAL            -913.79      -915.80      -309.06      -142.77       -45.79 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      913.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        7.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1055 

              Pey    =  (Area*Fy)/Lambda^2       =  2140445.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.37 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0709 

              Pez    =  (Area*Fy)/Lambda^2       =  4730969.65 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -913.79            -915.80            -142.77 

           ---------------------------------------------------------------- 

            TOTAL            -913.79            -915.80            -142.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -915.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -142.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.96 m. 

           -. DTRf  =  Dflg/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.56 m. 

           -. DTRw  =  Dweb/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   0.749 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   0.808 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   0.808 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   0.905  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.56 m. 

           -. DTRf  =  Dflg/tw   =   25.03  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.96 m. 

           -. DTRw  =  Dweb/tf   =   43.05  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened web (Bew). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bew1  =  (1.49*tw)/SQRT[Es/f]  =   0.797 m. 

                        1.92*tw     [           0.34        ] 

           -. Bew2  =  ---------- * [ 1 - ----------------- ]  =   0.831 m. 

                       SQRT[f/Es]   [     (DTRw)*SQRT[f/Es] ] 

           -. Bew   =  MAX(Bew1,Bew2)  =   0.831 m. 
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      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.064 m^2. 

           -. Qa2 =  A_eff/Area  =   0.920  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.905 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.905 

 

           -. Po  =  Q*Fy*Area  =  21555.6138 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2140445.2081 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.001 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.4425e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 
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           -. Pe = min[Pe_FB, Pe_FTB ]  = 2140445.2081 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          99.30 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21464.95 kN. 

           -. phiPn =  phi*Pn  =      19318.45 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                913.79 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            19318.45 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       4986.35 kN-m. 
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      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       4986.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                915.80 

           -. --------  =  ---------------  =  0.184  <  1.000  --->  O.K. 

               phiMny             4986.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       6608.38 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       6608.38 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       6608.38 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                142.77 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             6608.38 

 

====================================================================================== 
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   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.184  +  0.022 ] 

                      =  0.229  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8877.69 kN. 

           -. Vny =  C*Vp  =       8877.69 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        194.44 kN. 

                 Vuy               194.44 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             8877.69 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       5326.62 kN. 

           -. Vnz =  C*Vp  =       5326.62 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        353.96 kN. 

                 Vuz               353.96 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVnz             5326.62 
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APÉNDICE: 

7. DISEÑO DE PLINTOS DE CONCRETO 
A continuación, se incluyen los listados de comprobación de los plintos de concreto, para los modelos 

de cálculo del tramo 1 y tramo 2 de la calzada peatonal. 

7.1. CALZADA PEATONAL TRAMO 1 
 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

 

       +============================================================+ 

       |  MIDAS(Modeling, Integrated Design & Analysis Software)    | 

       |  MIDAS/Civil - Design & checking system for windows        | 

       +============================================================+ 

       |  RC-Member(Beam or Column) Analysis and Design             | 

       |  Based On  AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFD07,    | 

       |            AASHTO-LRFD02, AASHTO-LFD96, ACI318-02,         | 

       |            CSA-S6-00, CSA-S6-14, Eurocode2-2:05,           | 

       |            SNiP 2.05.03-84*, SP 35.13330.2011,             | 

       |            SNiP 2.05.03-84*(MKS), SP 35.13330.2011(MKS),   | 

       |            IRC:21-2000, IRC:112-2011                       | 

       |                                                            | 

       |                                             (c)SINCE 1989  | 

       +============================================================+ 

       |  MIDAS Information Technology Co.,Ltd.         (MIDAS IT)  | 

       |  MIDAS IT Design Development Team                          | 

       +============================================================+ 

       |            HomePage : www.MidasUser.com                    | 

       +============================================================+ 

       |  MIDAS/Civil  Version 8.8.5                                | 

       +============================================================+ 

 

 

    *.DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 

-------------------------------------------------------------------------------------- 

     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 

-------------------------------------------------------------------------------------- 

     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

             +    PL10i-int_( 4.300) 

     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 
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             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
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             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

             +    PL10i-int_( 4.300) 

     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

             +    PL10i-int_( 7.190) 

     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

             +    PL10i-int_( 7.190) 

    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
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             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_1.0X/0.3Y_ENV( 1.000) 

    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_1.0X/0.3Y_ENV( 1.000) 

    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_0.3X/1.0Y_ENV( 1.000) 

    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_0.3X/1.0Y_ENV( 1.000) 

    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
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             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

-------------------------------------------------------------------------------------- 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =101100,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    45) : C_145x145 

        Column Height (L)                =         0.950 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.450 m. 

        Section Width  (Bc)              =         1.450 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         13- #8 (    0.0066)       11- #8 (    0.0056)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            372.80      2517.31      1524.25      -192.09       173.80 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      372.80      2517.31      1524.25      -192.09       173.80 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =     1524.25 kN-m. 

           -. End Moments (My2) =     2517.31 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 7. DISEÑO DE PLINTOS 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 11 DE 94 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

           -. Radii of gyration (Roy)        =    0.419 m. 

           -. Unbraced lengths  (Ly)         =    0.950 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    2.270  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =     2517.31 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2517.31 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =      173.80 kN-m. 

           -. End Moments (Mz2) =      192.09 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.419 m. 

           -. Unbraced lengths  (Lz)         =    0.950 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    2.270  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =     -192.09 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -192.09 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0116 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     35300.571 kN. 

           -. Pr         =       930.622 kN. 

           -. Mry        =      6299.616 kN-m. 

           -. Mrz        =       452.708 kN-m. 

           -. Mr         =      6315.862 kN-m. 

           -. Pu/Pr      =   0.401  --->  O.K ! 

           -. Muy/Mry    =   0.400  --->  O.K ! 

           -. Muz/Mrz    =   0.424  --->  O.K ! 

           -. Mu/Mr      =   0.424  --->  O.K ! 

           -. Ratio      =   0.424  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       1460.14 kN. 

           -. Vuz    =       1053.55 kN. 

           -. Muy    =      -2572.95 kN-m. 

           -. bvz    =   1.45 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.28 m. 

           -. thetaz =  34.44 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.22 

 

           -. Vuy    =        467.23 kN. 

           -. Muz    =       -634.54 kN-m. 

           -. bvy    =   1.45 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.28 m. 

           -. thetay =  31.42 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   3.16 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =     1053.55 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1787.66 kN. 

           -. phiVcz    = phi * Vcz =     1608.90 kN. 

 

           -. Vuy       =      467.23 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2547.07 kN. 

           -. phiVcy    = phi * Vcy =     2292.37 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 

           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.262 m. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2053.29 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10971.33 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2053.29 kN. 

           -. phiVsz   = phi*Vsz =     1847.96 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2304.24 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    10211.92 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2304.24 kN. 

           -. phiVsy   = phi*Vsy =     2073.82 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1053.549 kN. 

           -. Vr       =    3456.856 kN. 

           -. Ratio    = Vu / Vr = 0.305  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      519.14 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1170.61 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy 

=9.3071e-006 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   

0.0051 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0051 m^2. 

           -. As      =   0.0245 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =101200,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    45) : C_145x145 

        Column Height (L)                =         0.950 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.450 m. 

        Section Width  (Bc)              =         1.450 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         13- #8 (    0.0066)       11- #8 (    0.0056)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            490.24      2320.63      1403.09       744.97       917.49 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      490.24      2320.63      1403.09       744.97       917.49 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =     1403.09 kN-m. 

           -. End Moments (My2) =     2320.63 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.419 m. 

           -. Unbraced lengths  (Ly)         =    0.950 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    2.270  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =     2320.63 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2320.63 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =      744.97 kN-m. 

           -. End Moments (Mz2) =      917.49 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.419 m. 

           -. Unbraced lengths  (Lz)         =    0.950 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    2.270  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =      744.97 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      744.97 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0116 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     35300.571 kN. 

           -. Pr         =      1312.809 kN. 

           -. Mry        =      6213.269 kN-m. 

           -. Mrz        =      2019.138 kN-m. 

           -. Mr         =      6533.118 kN-m. 

           -. Pu/Pr      =   0.373  --->  O.K ! 

           -. Muy/Mry    =   0.373  --->  O.K ! 

           -. Muz/Mrz    =   0.369  --->  O.K ! 

           -. Mu/Mr      =   0.373  --->  O.K ! 

           -. Ratio      =   0.373  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       1461.64 kN. 

           -. Vuz    =        973.78 kN. 

           -. Muy    =      -2373.37 kN-m. 

           -. bvz    =   1.45 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.28 m. 

           -. thetaz =  34.10 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.29 

 

           -. Vuy    =        267.28 kN. 

           -. Muz    =        186.72 kN-m. 

           -. bvy    =   1.45 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.33 m. 

           -. thetay =  30.89 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   3.42 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =      973.78 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1849.32 kN. 

           -. phiVcz    = phi * Vcz =     1664.38 kN. 

 

           -. Vuy       =      267.28 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2874.85 kN. 

           -. phiVcy    = phi * Vcy =     2587.36 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 

           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.262 m. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2079.40 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10909.68 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2079.40 kN. 

           -. phiVsz   = phi*Vsz =     1871.46 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2455.71 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    10438.89 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2455.71 kN. 

           -. phiVsy   = phi*Vsy =     2210.14 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     973.782 kN. 

           -. Vr       =    3535.842 kN. 

           -. Ratio    = Vu / Vr = 0.275  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      296.97 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1081.98 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0014 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   

0.0046 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0046 m^2. 

           -. As      =   0.0245 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =102100,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    46) : C_150x150 

        Column Height (L)                =         0.500 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.450 m. 

        Section Width  (Bc)              =         1.450 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         13- #8 (    0.0066)       11- #8 (    0.0056)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others          -1303.87      1636.55      1197.08      1089.17      1897.24 

           ------------------------------------------------------------------------------- 

            DL+LL+Others    -1303.87      1636.55      1197.08      1089.17      1897.24 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0116 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     35300.571 kN. 

           -. Pr         =     -2648.264 kN. 

           -. Mry        =      2522.045 kN-m. 

           -. Mrz        =      3802.208 kN-m. 

           -. Mr         =      4562.620 kN-m. 

           -. Pu/Pr      =   0.492  --->  O.K ! 

           -. Muy/Mry    =   0.475  --->  O.K ! 

           -. Muz/Mrz    =   0.499  --->  O.K ! 

           -. Mu/Mr      =   0.499  --->  O.K ! 

           -. Ratio      =   0.499  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3836.26 kN. 

           -. Vuz    =        843.90 kN. 

           -. Muy    =      -1080.24 kN-m. 

           -. bvz    =   1.45 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.28 m. 

           -. thetaz =  34.16 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.28 
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           -. Vuy    =       1675.05 kN. 

           -. Muz    =      -1926.57 kN-m. 

           -. bvy    =   1.45 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.28 m. 

           -. thetay =  36.54 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   1.84 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      843.90 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1837.42 kN. 

           -. phiVcz    = phi * Vcz =     1653.68 kN. 

 

           -. Vuy       =     1675.05 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1479.87 kN. 

           -. phiVcy    = phi * Vcy =     1331.88 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 

           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.262 m. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy > phiVcy  --->  Required shear reinforcement. 

           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.262 m. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2074.46 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10921.57 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2074.46 kN. 

           -. phiVsz   = phi*Vsz =     1867.02 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1899.95 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    11279.13 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1899.95 kN. 

           -. phiVsy   = phi*Vsy =     1709.95 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1675.048 kN. 

           -. Vr       =    3041.833 kN. 

           -. Ratio    = Vu / Vr = 0.551  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1861.16 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      937.67 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0009 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0022 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 

           -. As      =   0.0245 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =102200,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    46) : C_150x150 

        Column Height (L)                =         0.500 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.450 m. 

        Section Width  (Bc)              =         1.450 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         13- #8 (    0.0066)       11- #8 (    0.0056)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others          -1439.10       760.73       541.43      1193.07      1879.19 

           ------------------------------------------------------------------------------- 

            DL+LL+Others    -1439.10       760.73       541.43      1193.07      1879.19 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0116 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     35300.571 kN. 

           -. Pr         =     -3004.685 kN. 

           -. Mry        =      1198.720 kN-m. 

           -. Mrz        =      3914.875 kN-m. 

           -. Mr         =      4094.286 kN-m. 

           -. Pu/Pr      =   0.479  --->  O.K ! 

           -. Muy/Mry    =   0.452  --->  O.K ! 

           -. Muz/Mrz    =   0.480  --->  O.K ! 

           -. Mu/Mr      =   0.480  --->  O.K ! 

           -. Ratio      =   0.480  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       4006.04 kN. 

           -. Vuz    =        432.96 kN. 

           -. Muy    =       -424.95 kN-m. 

           -. bvz    =   1.45 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.28 m. 

           -. thetaz =  33.11 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.55 
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           -. Vuy    =       1429.20 kN. 

           -. Muz    =      -1817.44 kN-m. 

           -. bvy    =   1.45 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.28 m. 

           -. thetay =  35.96 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   1.93 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      432.96 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2059.08 kN. 

           -. phiVcz    = phi * Vcz =     1853.17 kN. 

 

           -. Vuy       =     1429.20 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1553.98 kN. 

           -. phiVcy    = phi * Vcy =     1398.59 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy > phiVcy  --->  Required shear reinforcement. 

           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.262 m. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2159.24 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10699.91 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2159.24 kN. 

           -. phiVsz   = phi*Vsz =     1943.31 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1940.87 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    11205.01 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1940.87 kN. 

           -. phiVsy   = phi*Vsy =     1746.78 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1429.198 kN. 

           -. Vr       =    3145.366 kN. 

           -. Ratio    = Vu / Vr = 0.454  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1588.00 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      481.07 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy 

=1.4949e-005 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0047 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =1.4949e-005 m^2. 

           -. As      =   0.0245 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =103000,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    45) : C_145x145 

        Column Height (L)                =         1.050 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.450 m. 

        Section Width  (Bc)              =         1.450 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         13- #8 (    0.0066)       11- #8 (    0.0056)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            754.68       125.39       182.34      1888.75      2112.52 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      754.68       125.39       182.34      1888.75      2112.52 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =      125.39 kN-m. 

           -. End Moments (My2) =      182.34 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.419 m. 

           -. Unbraced lengths  (Ly)         =    1.050 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    2.508  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =      182.34 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      182.34 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =     1888.75 kN-m. 

           -. End Moments (Mz2) =     2112.52 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.419 m. 

           -. Unbraced lengths  (Lz)         =    1.050 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    2.508  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =     2112.52 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2112.52 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0116 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     35300.571 kN. 

           -. Pr         =      2561.335 kN. 

           -. Mry        =       600.253 kN-m. 

           -. Mrz        =      7146.662 kN-m. 

           -. Mr         =      7171.825 kN-m. 

           -. Pu/Pr      =   0.295  --->  O.K ! 

           -. Muy/Mry    =   0.304  --->  O.K ! 

           -. Muz/Mrz    =   0.296  --->  O.K ! 

           -. Mu/Mr      =   0.304  --->  O.K ! 

           -. Ratio      =   0.304  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2519.30 kN. 

           -. Vuz    =        230.20 kN. 

           -. Muy    =       -178.49 kN-m. 

           -. bvz    =   1.45 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.28 m. 

           -. thetaz =  31.46 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.14 

 

           -. Vuy    =        317.37 kN. 

           -. Muz    =      -2060.87 kN-m. 

           -. bvy    =   1.45 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.28 m. 

           -. thetay =  33.57 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.43 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =      230.20 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2534.01 kN. 

           -. phiVcz    = phi * Vcz =     2280.61 kN. 

 

           -. Vuy       =      317.37 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1956.05 kN. 

           -. phiVcy    = phi * Vcy =     1760.45 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2300.94 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10224.98 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2300.94 kN. 

           -. phiVsz   = phi*Vsz =     2070.84 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2121.64 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    10802.94 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2121.64 kN. 

           -. phiVsy   = phi*Vsy =     1909.48 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     317.369 kN. 

           -. Vr       =    3669.929 kN. 

           -. Ratio    = Vu / Vr = 0.086  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      352.63 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      255.77 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0009 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0032 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 

           -. As      =   0.0245 m^2. 

           -. As_req < As  --->  O.K ! 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 7. DISEÑO DE PLINTOS 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 30 DE 94 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =104000,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    43) : C_135x135 

        Column Height (L)                =         2.100 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.350 m. 

        Section Width  (Bc)              =         1.350 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         12- #8 (    0.0061)       10- #8 (    0.0051)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            996.15       248.99       222.88      2704.15      3017.57 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      996.15       248.99       222.88      2704.15      3017.57 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =      222.88 kN-m. 

           -. End Moments (My2) =      248.99 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.390 m. 

           -. Unbraced lengths  (Ly)         =    2.100 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    5.389  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =      222.88 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      222.88 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =     2704.15 kN-m. 

           -. End Moments (Mz2) =     3017.57 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.390 m. 

           -. Unbraced lengths  (Lz)         =    2.100 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    5.389  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =     3017.57 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3017.57 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0123 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     30884.929 kN. 

           -. Pr         =      1945.737 kN. 

           -. Mry        =       428.404 kN-m. 

           -. Mrz        =      5849.906 kN-m. 

           -. Mr         =      5865.572 kN-m. 

           -. Pu/Pr      =   0.512  --->  O.K ! 

           -. Muy/Mry    =   0.520  --->  O.K ! 

           -. Muz/Mrz    =   0.516  --->  O.K ! 

           -. Mu/Mr      =   0.520  --->  O.K ! 

           -. Ratio      =   0.520  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2205.39 kN. 

           -. Vuz    =        390.07 kN. 

           -. Muy    =       -403.53 kN-m. 

           -. bvz    =   1.35 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.18 m. 

           -. thetaz =  31.94 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.95 

 

           -. Vuy    =        141.68 kN. 

           -. Muz    =      -1455.74 kN-m. 

           -. bvy    =   1.35 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.18 m. 

           -. thetay =  32.87 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.62 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =      390.07 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2039.69 kN. 

           -. phiVcz    = phi * Vcz =     1835.72 kN. 

 

           -. Vuy       =      141.68 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1816.71 kN. 

           -. phiVcy    = phi * Vcy =     1635.04 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2083.41 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     8918.89 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2083.41 kN. 

           -. phiVsz   = phi*Vsz =     1875.07 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2009.71 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     9141.87 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2009.71 kN. 

           -. phiVsy   = phi*Vsy =     1808.74 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     390.067 kN. 

           -. Vr       =    3710.792 kN. 

           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      157.42 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      433.41 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy 

=6.1358e-005 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0018 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =6.1358e-005 m^2. 

           -. As      =   0.0224 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =105000,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    44) : C_140x140 

        Column Height (L)                =         1.950 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.400 m. 

        Section Width  (Bc)              =         1.400 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         12- #8 (    0.0061)       10- #8 (    0.0051)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            814.65       148.38       297.64      1371.19      2096.69 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      814.65       148.38       297.64      1371.19      2096.69 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =      148.38 kN-m. 

           -. End Moments (My2) =      297.64 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.404 m. 

           -. Unbraced lengths  (Ly)         =    1.950 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    4.825  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =      297.64 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      297.64 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =     1371.19 kN-m. 

           -. End Moments (Mz2) =     2096.69 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.404 m. 

           -. Unbraced lengths  (Lz)         =    1.950 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    4.825  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =     2096.69 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2096.69 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0114 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     32818.909 kN. 

           -. Pr         =      2450.961 kN. 

           -. Mry        =       863.206 kN-m. 

           -. Mrz        =      6321.244 kN-m. 

           -. Mr         =      6379.909 kN-m. 

           -. Pu/Pr      =   0.332  --->  O.K ! 

           -. Muy/Mry    =   0.345  --->  O.K ! 

           -. Muz/Mrz    =   0.332  --->  O.K ! 

           -. Mu/Mr      =   0.345  --->  O.K ! 

           -. Ratio      =   0.345  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2322.56 kN. 

           -. Vuz    =        194.78 kN. 

           -. Muy    =       -291.62 kN-m. 

           -. bvz    =   1.40 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.23 m. 

           -. thetaz =  31.49 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.13 

 

           -. Vuy    =        454.52 kN. 

           -. Muz    =      -2056.05 kN-m. 

           -. bvy    =   1.40 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.23 m. 

           -. thetay =  34.13 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.29 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =      194.78 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2348.77 kN. 

           -. phiVcz    = phi * Vcz =     2113.89 kN. 

 

           -. Vuy       =      454.52 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1714.66 kN. 

           -. phiVcy    = phi * Vcy =     1543.19 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2214.65 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     9520.26 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2214.65 kN. 

           -. phiVsz   = phi*Vsz =     1993.18 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2001.01 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    10154.36 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2001.01 kN. 

           -. phiVsy   = phi*Vsy =     1800.91 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     454.519 kN. 

           -. Vr       =    3344.104 kN. 

           -. Ratio    = Vu / Vr = 0.136  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      505.02 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      216.42 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0016 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0027 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 

           -. As      =   0.0224 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =106100,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    44) : C_140x140 

        Column Height (L)                =         0.900 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.400 m. 

        Section Width  (Bc)              =         1.400 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         12- #8 (    0.0061)       10- #8 (    0.0051)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -292.33      2553.62      1748.20       170.76       358.49 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -292.33      2553.62      1748.20       170.76       358.49 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0114 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     32818.909 kN. 

           -. Pr         =      -549.975 kN. 

           -. Mry        =      4808.383 kN-m. 

           -. Mrz        =       305.629 kN-m. 

           -. Mr         =      4818.086 kN-m. 

           -. Pu/Pr      =   0.532  --->  O.K ! 

           -. Muy/Mry    =   0.531  --->  O.K ! 

           -. Muz/Mrz    =   0.559  --->  O.K ! 

           -. Mu/Mr      =   0.559  --->  O.K ! 

           -. Ratio      =   0.559  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3739.06 kN. 

           -. Vuz    =        546.64 kN. 

           -. Muy    =      -1267.85 kN-m. 

           -. bvz    =   1.40 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.23 m. 

           -. thetaz =  34.38 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.23 
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           -. Vuy    =       1558.73 kN. 

           -. Muz    =       -916.17 kN-m. 

           -. bvy    =   1.40 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.23 m. 

           -. thetay =  36.79 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   1.80 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      546.64 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1672.21 kN. 

           -. phiVcz    = phi * Vcz =     1504.99 kN. 

 

           -. Vuy       =     1558.73 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1349.41 kN. 

           -. phiVcy    = phi * Vcy =     1214.47 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy > phiVcy  --->  Required shear reinforcement. 

           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.271 m. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1982.42 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10196.82 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1982.42 kN. 

           -. phiVsz   = phi*Vsz =     1784.18 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1814.19 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    10519.61 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1814.19 kN. 

           -. phiVsy   = phi*Vsy =     1632.77 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1558.726 kN. 

           -. Vr       =    2847.241 kN. 

           -. Ratio    = Vu / Vr = 0.547  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1731.92 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      607.38 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0012 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0022 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 

           -. As      =   0.0224 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =106200,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    44) : C_140x140 

        Column Height (L)                =         0.900 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.400 m. 

        Section Width  (Bc)              =         1.400 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         12- #8 (    0.0061)       10- #8 (    0.0051)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -132.31      2504.36      1733.44       493.32       557.64 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -132.31      2504.36      1733.44       493.32       557.64 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0114 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     32818.909 kN. 

           -. Pr         =      -256.853 kN. 

           -. Mry        =      4901.514 kN-m. 

           -. Mrz        =       975.380 kN-m. 

           -. Mr         =      4997.620 kN-m. 

           -. Pu/Pr      =   0.515  --->  O.K ! 

           -. Muy/Mry    =   0.511  --->  O.K ! 

           -. Muz/Mrz    =   0.506  --->  O.K ! 

           -. Mu/Mr      =   0.515  --->  O.K ! 

           -. Ratio      =   0.515  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3688.55 kN. 

           -. Vuz    =        509.38 kN. 

           -. Muy    =      -1194.75 kN-m. 

           -. bvz    =   1.40 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.23 m. 

           -. thetaz =  34.19 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.27 
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           -. Vuy    =       1453.16 kN. 

           -. Muz    =       -801.47 kN-m. 

           -. bvy    =   1.40 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.23 m. 

           -. thetay =  36.42 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   1.85 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      509.38 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1704.51 kN. 

           -. phiVcz    = phi * Vcz =     1534.06 kN. 

 

           -. Vuy       =     1453.16 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1390.62 kN. 

           -. phiVcy    = phi * Vcy =     1251.56 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy > phiVcy  --->  Required shear reinforcement. 

           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.271 m. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1996.63 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10164.52 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1996.63 kN. 

           -. phiVsz   = phi*Vsz =     1796.97 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1838.76 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    10478.40 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1838.76 kN. 

           -. phiVsy   = phi*Vsy =     1654.89 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1453.165 kN. 

           -. Vr       =    2906.447 kN. 

           -. Ratio    = Vu / Vr = 0.500  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1614.63 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      565.98 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0015 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0023 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 

           -. As      =   0.0224 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =109000,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    55) : C_125x215 

        Column Height (L)                =         0.700 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.250 m. 

        Section Width  (Bc)              =         2.150 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         20- #8 (    0.0102)        9- #8 (    0.0046)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others              3.49       611.46       372.87      1872.75      2641.80 

           ------------------------------------------------------------------------------- 

            DL+LL+Others        3.49       611.46       372.87      1872.75      2641.80 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =      372.87 kN-m. 

           -. End Moments (My2) =      611.46 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.361 m. 

           -. Unbraced lengths  (Ly)         =    0.700 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    1.940  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =      372.87 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      372.87 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =     1872.75 kN-m. 

           -. End Moments (Mz2) =     2641.80 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.621 m. 

           -. Unbraced lengths  (Lz)         =    0.700 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    1.128  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =     2641.80 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2641.80 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0110 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     44722.164 kN. 

           -. Pr         =        13.410 kN. 

           -. Mry        =      1456.242 kN-m. 

           -. Mrz        =     10219.036 kN-m. 

           -. Mr         =     10322.274 kN-m. 

           -. Pu/Pr      =   0.260  --->  O.K ! 

           -. Muy/Mry    =   0.256  --->  O.K ! 

           -. Muz/Mrz    =   0.259  --->  O.K ! 

           -. Mu/Mr      =   0.260  --->  O.K ! 

           -. Ratio      =   0.260  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       1826.72 kN. 

           -. Vuz    =        307.81 kN. 

           -. Muy    =       -189.70 kN-m. 

           -. bvz    =   2.15 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.10 m. 

           -. thetaz =  30.81 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   3.46 

 

           -. Vuy    =       1129.04 kN. 

           -. Muz    =      -2638.59 kN-m. 

           -. bvy    =   1.25 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.91 m. 

           -. thetay =  33.05 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.57 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =      307.81 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3555.07 kN. 

           -. phiVcz    = phi * Vcz =     3199.57 kN. 

 

           -. Vuy       =     1129.04 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2678.83 kN. 

           -. phiVcy    = phi * Vcy =     2410.95 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2029.77 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    12711.11 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2029.77 kN. 

           -. phiVsz   = phi*Vsz =     1826.80 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     3245.17 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    13817.86 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     3245.17 kN. 

           -. phiVsy   = phi*Vsy =     2920.65 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1129.037 kN. 

           -. Vr       =    5331.600 kN. 

           -. Ratio    = Vu / Vr = 0.212  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1254.49 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      342.01 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0031 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0018 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0031 m^2. 

           -. As      =   0.0296 m^2. 

           -. As_req < As  --->  O.K ! 
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       +============================================================+ 

       |  MIDAS(Modeling, Integrated Design & Analysis Software)    | 

       |  MIDAS/Civil - Design & checking system for windows        | 

       +============================================================+ 

       |  RC-Member(Beam or Column) Analysis and Design             | 

       |  Based On  AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFD07,    | 

       |            AASHTO-LRFD02, AASHTO-LFD96, ACI318-02,         | 

       |            CSA-S6-00, CSA-S6-14, Eurocode2-2:05,           | 

       |            SNiP 2.05.03-84*, SP 35.13330.2011,             | 

       |            SNiP 2.05.03-84*(MKS), SP 35.13330.2011(MKS),   | 

       |            IRC:21-2000, IRC:112-2011                       | 

       |                                                            | 

       |                                             (c)SINCE 1989  | 

       +============================================================+ 

       |  MIDAS Information Technology Co.,Ltd.         (MIDAS IT)  | 

       |  MIDAS IT Design Development Team                          | 

       +============================================================+ 

       |            HomePage : www.MidasUser.com                    | 

       +============================================================+ 

       |  MIDAS/Civil  Version 8.8.5                                | 

       +============================================================+ 

 

 

    *.DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 

-------------------------------------------------------------------------------------- 

     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 

-------------------------------------------------------------------------------------- 

     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

             +    PL10i-int_( 4.300) 

     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
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             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

             +    PL10i-int_( 4.300) 

     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

             +    PL10i-int_( 7.190) 

     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

             +    PL10i-int_( 7.190) 

    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
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             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_1.0X/0.3Y_ENV( 1.000) 

    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_1.0X/0.3Y_ENV( 1.000) 

    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_0.3X/1.0Y_ENV( 1.000) 

    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_0.3X/1.0Y_ENV( 1.000) 

    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
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             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

-------------------------------------------------------------------------------------- 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =101000,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    55) : C_125x215 

        Column Height (L)                =         0.700 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.250 m. 

        Section Width  (Bc)              =         2.150 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         20- #8 (    0.0102)        9- #8 (    0.0046)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -969.10      1002.56       394.62       891.49      1139.79 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -969.10      1002.56       394.62       891.49      1139.79 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0110 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     44722.164 kN. 

           -. Pr         =     -3778.542 kN. 

           -. Mry        =      3862.475 kN-m. 

           -. Mrz        =      3511.576 kN-m. 

           -. Mr         =      5220.142 kN-m. 

           -. Pu/Pr      =   0.256  --->  O.K ! 

           -. Muy/Mry    =   0.260  --->  O.K ! 

           -. Muz/Mrz    =   0.254  --->  O.K ! 

           -. Mu/Mr      =   0.260  --->  O.K ! 

           -. Ratio      =   0.260  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2756.91 kN. 

           -. Vuz    =        916.34 kN. 

           -. Muy    =      -1201.58 kN-m. 

           -. bvz    =   2.15 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.10 m. 

           -. thetaz =  33.01 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.58 
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           -. Vuy    =        406.64 kN. 

           -. Muz    =       -911.57 kN-m. 

           -. bvy    =   1.25 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.91 m. 

           -. thetay =  31.68 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   3.05 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      916.34 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2652.59 kN. 

           -. phiVcz    = phi * Vcz =     2387.33 kN. 

 

           -. Vuy       =      406.64 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3179.70 kN. 

           -. phiVcy    = phi * Vcy =     2861.73 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1862.98 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    13613.58 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1862.98 kN. 

           -. phiVsz   = phi*Vsz =     1676.68 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     3421.86 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    13316.99 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     3421.86 kN. 

           -. phiVsy   = phi*Vsy =     3079.67 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     916.341 kN. 

           -. Vr       =    4064.014 kN. 

           -. Ratio    = Vu / Vr = 0.225  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      451.82 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1018.16 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0023 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   

0.0004 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0004 m^2. 

           -. As      =   0.0296 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =103100,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    44) : C_140x140 

        Column Height (L)                =         0.700 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.400 m. 

        Section Width  (Bc)              =         1.400 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         12- #8 (    0.0061)       10- #8 (    0.0051)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            130.10      2346.21      1635.15       899.69       631.45 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      130.10      2346.21      1635.15       899.69       631.45 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =     1635.15 kN-m. 

           -. End Moments (My2) =     2346.21 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.404 m. 

           -. Unbraced lengths  (Ly)         =    0.700 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    1.732  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =     2346.21 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2346.21 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =      631.45 kN-m. 

           -. End Moments (Mz2) =      899.69 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.404 m. 

           -. Unbraced lengths  (Lz)         =    0.700 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    1.732  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =      899.69 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      899.69 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0114 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     32818.909 kN. 

           -. Pr         =       273.906 kN. 

           -. Mry        =      4984.511 kN-m. 

           -. Mrz        =      1916.150 kN-m. 

           -. Mr         =      5340.129 kN-m. 

           -. Pu/Pr      =   0.475  --->  O.K ! 

           -. Muy/Mry    =   0.471  --->  O.K ! 

           -. Muz/Mrz    =   0.470  --->  O.K ! 

           -. Mu/Mr      =   0.475  --->  O.K ! 

           -. Ratio      =   0.475  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2176.87 kN. 

           -. Vuz    =       1013.68 kN. 

           -. Muy    =      -2308.94 kN-m. 

           -. bvz    =   1.40 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.23 m. 

           -. thetaz =  35.21 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.06 

 

           -. Vuy    =        469.41 kN. 

           -. Muz    =      -1135.20 kN-m. 

           -. bvy    =   1.40 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.23 m. 

           -. thetay =  32.87 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.62 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 7. DISEÑO DE PLINTOS 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 62 DE 94 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =     1013.68 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1544.41 kN. 

           -. phiVcz    = phi * Vcz =     1389.97 kN. 

 

           -. Vuy       =      469.41 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1967.56 kN. 

           -. phiVcy    = phi * Vcy =     1770.81 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 

           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.271 m. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1921.97 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10324.62 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1921.97 kN. 

           -. phiVsz   = phi*Vsz =     1729.77 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2098.92 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     9901.46 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2098.92 kN. 

           -. phiVsy   = phi*Vsy =     1889.02 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1013.685 kN. 

           -. Vr       =    3119.739 kN. 

           -. Ratio    = Vu / Vr = 0.325  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      521.56 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1126.32 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-

5.3019e-005 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   

0.0035 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 

           -. As      =   0.0224 m^2. 

           -. As_req < As  --->  O.K ! 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 7. DISEÑO DE PLINTOS 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 63 DE 94 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =103200,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    44) : C_140x140 

        Column Height (L)                =         0.700 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.400 m. 

        Section Width  (Bc)              =         1.400 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         12- #8 (    0.0061)       10- #8 (    0.0051)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            151.31      2411.68      1677.53      1177.78       858.97 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      151.31      2411.68      1677.53      1177.78       858.97 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =     1677.53 kN-m. 

           -. End Moments (My2) =     2411.68 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.404 m. 

           -. Unbraced lengths  (Ly)         =    0.700 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    1.732  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =     2411.68 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2411.68 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =      858.97 kN-m. 

           -. End Moments (Mz2) =     1177.78 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.404 m. 

           -. Unbraced lengths  (Lz)         =    0.700 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    1.732  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =     1177.78 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1177.78 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0114 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     32818.909 kN. 

           -. Pr         =       304.887 kN. 

           -. Mry        =      4840.568 kN-m. 

           -. Mrz        =      2393.619 kN-m. 

           -. Mr         =      5400.047 kN-m. 

           -. Pu/Pr      =   0.496  --->  O.K ! 

           -. Muy/Mry    =   0.498  --->  O.K ! 

           -. Muz/Mrz    =   0.492  --->  O.K ! 

           -. Mu/Mr      =   0.498  --->  O.K ! 

           -. Ratio      =   0.498  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2193.19 kN. 

           -. Vuz    =       1049.81 kN. 

           -. Muy    =      -2391.20 kN-m. 

           -. bvz    =   1.40 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.23 m. 

           -. thetaz =  35.39 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.03 

 

           -. Vuy    =        429.34 kN. 

           -. Muz    =       -944.29 kN-m. 

           -. bvy    =   1.40 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.23 m. 

           -. thetay =  32.58 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.72 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =     1049.81 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1520.16 kN. 

           -. phiVcz    = phi * Vcz =     1368.14 kN. 

 

           -. Vuy       =      429.34 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2037.27 kN. 

           -. phiVcy    = phi * Vcy =     1833.54 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 

           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.271 m. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1909.66 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10348.87 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1909.66 kN. 

           -. phiVsz   = phi*Vsz =     1718.70 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2122.58 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     9831.76 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2122.58 kN. 

           -. phiVsy   = phi*Vsy =     1910.32 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1049.815 kN. 

           -. Vr       =    3086.838 kN. 

           -. Ratio    = Vu / Vr = 0.340  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      477.04 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1166.46 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0006 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   

0.0037 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 

           -. As      =   0.0224 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =104100,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    46) : C_150x150 

        Column Height (L)                =         0.750 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.450 m. 

        Section Width  (Bc)              =         1.450 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         13- #8 (    0.0066)       11- #8 (    0.0056)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            -79.16      1678.08      1052.76       934.99       588.17 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      -79.16      1678.08      1052.76       934.99       588.17 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 7. DISEÑO DE PLINTOS 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 68 DE 94 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0116 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     35300.571 kN. 

           -. Pr         =      -239.966 kN. 

           -. Mry        =      5105.408 kN-m. 

           -. Mrz        =      2816.292 kN-m. 

           -. Mr         =      5830.668 kN-m. 

           -. Pu/Pr      =   0.330  --->  O.K ! 

           -. Muy/Mry    =   0.329  --->  O.K ! 

           -. Muz/Mrz    =   0.332  --->  O.K ! 

           -. Mu/Mr      =   0.332  --->  O.K ! 

           -. Ratio      =   0.332  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2346.02 kN. 

           -. Vuz    =        865.22 kN. 

           -. Muy    =      -1784.33 kN-m. 

           -. bvz    =   1.45 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.28 m. 

           -. thetaz =  33.92 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.34 
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           -. Vuy    =        551.34 kN. 

           -. Muz    =      -1111.18 kN-m. 

           -. bvy    =   1.45 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.28 m. 

           -. thetay =  32.71 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.67 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      865.22 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1884.64 kN. 

           -. phiVcz    = phi * Vcz =     1696.17 kN. 

 

           -. Vuy       =      551.34 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2155.40 kN. 

           -. phiVcy    = phi * Vcy =     1939.86 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 

           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.262 m. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2093.77 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10874.36 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2093.77 kN. 

           -. phiVsz   = phi*Vsz =     1884.40 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2191.87 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    10603.59 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2191.87 kN. 

           -. phiVsy   = phi*Vsy =     1972.68 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     865.223 kN. 

           -. Vr       =    3580.570 kN. 

           -. Ratio    = Vu / Vr = 0.242  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      612.60 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      961.36 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0003 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   

0.0017 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0017 m^2. 

           -. As      =   0.0245 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =104200,  LCB = 151+,  POS =    I 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    46) : C_150x150 

        Column Height (L)                =         0.750 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.450 m. 

        Section Width  (Bc)              =         1.450 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         13- #8 (    0.0066)       11- #8 (    0.0056)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 151+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            -99.20      1716.49      1075.51      1114.56       740.28 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      -99.20      1716.49      1075.51      1114.56       740.28 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0116 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     35300.571 kN. 

           -. Pr         =      -281.601 kN. 

           -. Mry        =      4917.916 kN-m. 

           -. Mrz        =      3171.191 kN-m. 

           -. Mr         =      5851.697 kN-m. 

           -. Pu/Pr      =   0.352  --->  O.K ! 

           -. Muy/Mry    =   0.349  --->  O.K ! 

           -. Muz/Mrz    =   0.351  --->  O.K ! 

           -. Mu/Mr      =   0.352  --->  O.K ! 

           -. Ratio      =   0.352  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2402.93 kN. 

           -. Vuz    =        883.38 kN. 

           -. Muy    =      -1807.77 kN-m. 

           -. bvz    =   1.45 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.28 m. 

           -. thetaz =  34.01 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.31 
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           -. Vuy    =        509.49 kN. 

           -. Muz    =       -941.11 kN-m. 

           -. bvy    =   1.45 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.28 m. 

           -. thetay =  32.50 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.74 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      883.38 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1866.53 kN. 

           -. phiVcz    = phi * Vcz =     1679.87 kN. 

 

           -. Vuy       =      509.49 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2210.76 kN. 

           -. phiVcy    = phi * Vcy =     1989.69 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 

           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.262 m. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2086.45 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    10892.47 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2086.45 kN. 

           -. phiVsz   = phi*Vsz =     1877.81 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2209.63 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    10548.23 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2209.63 kN. 

           -. phiVsy   = phi*Vsy =     1988.66 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     883.382 kN. 

           -. Vr       =    3557.682 kN. 

           -. Ratio    = Vu / Vr = 0.248  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      566.10 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      981.54 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0008 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   

0.0017 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0017 m^2. 

           -. As      =   0.0245 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =105100,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    48) : C_160x160 

        Column Height (L)                =         1.150 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.600 m. 

        Section Width  (Bc)              =         1.600 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         14- #8 (    0.0071)       12- #8 (    0.0061)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -748.93       612.65       263.01      1516.85      2754.93 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -748.93       612.65       263.01      1516.85      2754.93 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0104 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     42212.804 kN. 

           -. Pr         =     -1601.001 kN. 

           -. Mry        =       517.412 kN-m. 

           -. Mrz        =      5952.876 kN-m. 

           -. Mr         =      5975.320 kN-m. 

           -. Pu/Pr      =   0.468  --->  O.K ! 

           -. Muy/Mry    =   0.508  --->  O.K ! 

           -. Muz/Mrz    =   0.463  --->  O.K ! 

           -. Mu/Mr      =   0.508  --->  O.K ! 

           -. Ratio      =   0.508  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3330.34 kN. 

           -. Vuz    =        372.62 kN. 

           -. Muy    =       -170.74 kN-m. 

           -. bvz    =   1.60 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.43 m. 

           -. thetaz =  32.18 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.85 
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           -. Vuy    =       1095.32 kN. 

           -. Muz    =      -2776.32 kN-m. 

           -. bvy    =   1.60 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.43 m. 

           -. thetay =  35.22 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.06 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      372.62 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2839.80 kN. 

           -. phiVcz    = phi * Vcz =     2555.82 kN. 

 

           -. Vuy       =     1095.32 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2048.72 kN. 

           -. phiVcy    = phi * Vcy =     1843.85 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 

           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.237 m. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2502.31 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    12908.36 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2502.31 kN. 

           -. phiVsz   = phi*Vsz =     2252.08 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2231.16 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    13699.44 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2231.16 kN. 

           -. phiVsy   = phi*Vsy =     2008.05 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1095.317 kN. 

           -. Vr       =    3851.895 kN. 

           -. Ratio    = Vu / Vr = 0.284  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1217.02 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      414.02 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0019 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0043 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0019 m^2. 

           -. As      =   0.0265 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =105200,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    48) : C_160x160 

        Column Height (L)                =         1.150 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.600 m. 

        Section Width  (Bc)              =         1.600 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         14- #8 (    0.0071)       12- #8 (    0.0061)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -683.83       734.46       221.86      1639.34      2849.99 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -683.83       734.46       221.86      1639.34      2849.99 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0104 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     42212.804 kN. 

           -. Pr         =     -1456.286 kN. 

           -. Mry        =       457.691 kN-m. 

           -. Mrz        =      6053.759 kN-m. 

           -. Mr         =      6071.036 kN-m. 

           -. Pu/Pr      =   0.470  --->  O.K ! 

           -. Muy/Mry    =   0.485  --->  O.K ! 

           -. Muz/Mrz    =   0.471  --->  O.K ! 

           -. Mu/Mr      =   0.485  --->  O.K ! 

           -. Ratio      =   0.485  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3302.52 kN. 

           -. Vuz    =        451.58 kN. 

           -. Muy    =       -131.15 kN-m. 

           -. bvz    =   1.60 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.43 m. 

           -. thetaz =  32.37 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.79 
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           -. Vuy    =       1070.62 kN. 

           -. Muz    =      -2811.43 kN-m. 

           -. bvy    =   1.60 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.43 m. 

           -. thetay =  35.20 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.06 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      451.58 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2772.62 kN. 

           -. phiVcz    = phi * Vcz =     2495.36 kN. 

 

           -. Vuy       =     1070.62 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2052.21 kN. 

           -. phiVcy    = phi * Vcy =     1846.99 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 

           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.237 m. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2483.98 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    12975.54 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2483.98 kN. 

           -. phiVsz   = phi*Vsz =     2235.58 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2232.70 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    13695.95 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2232.70 kN. 

           -. phiVsy   = phi*Vsy =     2009.43 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1070.619 kN. 

           -. Vr       =    3856.416 kN. 

           -. Ratio    = Vu / Vr = 0.278  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1189.58 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      501.75 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0020 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0041 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0020 m^2. 

           -. As      =   0.0265 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =106000,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    49) : C_165x165 

        Column Height (L)                =         2.100 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.650 m. 

        Section Width  (Bc)              =         1.650 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         15- #8 (    0.0076)       13- #8 (    0.0066)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others            996.14       431.81       522.17       961.19      1673.35 

           ------------------------------------------------------------------------------- 

            DL+LL+Others      996.14       431.81       522.17       961.19      1673.35 

           ------------------------------------------------------------------------------- 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (My1) =      431.81 kN-m. 

           -. End Moments (My2) =      522.17 kN-m. 

           -. Slenderness ratio limits. 

              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.476 m. 

           -. Unbraced lengths  (Ly)         =    2.100 m. 

           -. Effective length factors (Ky)  =    1.000 

           -. SLENy  =  Ky*Ly/Roy  =    4.409  <  SRy  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for major axis(DBy,DSy). 

           -. DBy    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_y  =  My_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_y  =  My_S   =      522.17 kN-m. 

           -. Compute magnified moments. 

              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      522.17 kN-m. 

 

      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 

           -. End Moments (Mz1) =      961.19 kN-m. 

           -. End Moments (Mz2) =     1673.35 kN-m. 

           -. Slenderness ratio limits. 

              SRz(Unbraced) =  22.00 

           -. Radii of gyration (Roz)        =    0.476 m. 

           -. Unbraced lengths  (Lz)         =    2.100 m. 

           -. Effective length factors (Kz)  =    1.000 

           -. SLENz  =  Kz*Lz/Roz  =    4.409  <  SRz  --->  NOT SLENDER. 

 

      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 

           -. DBz    =     1.00 (Default value) 

 

      ( ). Compute magnified moments. 

           -. No sidesway moments. 

              QMb_z  =  Mz_G   =        0.00 kN-m. 

           -. Sidesway moments. 

              QMs_z  =  Mz_S   =     1673.35 kN-m. 

           -. Compute magnified moments. 

              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1673.35 kN-m. 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 

 

      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0105 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     44975.772 kN. 

           -. Pr         =      6614.197 kN. 

           -. Mry        =      3280.785 kN-m. 

           -. Mrz        =     11084.341 kN-m. 

           -. Mr         =     11559.678 kN-m. 

           -. Pu/Pr      =   0.151  --->  O.K ! 

           -. Muy/Mry    =   0.159  --->  O.K ! 

           -. Muz/Mrz    =   0.151  --->  O.K ! 

           -. Mu/Mr      =   0.159  --->  O.K ! 

           -. Ratio      =   0.159  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       2578.97 kN. 

           -. Vuz    =        576.79 kN. 

           -. Muy    =       -690.08 kN-m. 

           -. bvz    =   1.65 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.53 m. 

           -. thetaz =  32.11 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.88 

 

           -. Vuy    =        285.44 kN. 

           -. Muz    =      -1185.66 kN-m. 

           -. bvy    =   1.65 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.53 m. 

           -. thetay =  31.99 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   2.93 
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      ( ). Compute shear strength of concrete. 

           -. Vuz       =      576.79 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     3166.29 kN. 

           -. phiVcz    = phi * Vcz =     2849.66 kN. 

 

           -. Vuy       =      285.44 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     3214.90 kN. 

           -. phiVcy    = phi * Vcy =     2893.41 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2687.07 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    14221.61 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2687.07 kN. 

           -. phiVsz   = phi*Vsz =     2418.37 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2699.36 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    14173.00 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2699.36 kN. 

           -. phiVsy   = phi*Vsy =     2429.42 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =     576.794 kN. 

           -. Vr       =    5268.031 kN. 

           -. Ratio    = Vu / Vr = 0.109  --->  O.K ! 

 

      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      317.15 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      640.88 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -

0.0015 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0017 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 

           -. As      =   0.0285 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =107100,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    47) : C_155x155 

        Column Height (L)                =         2.450 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.550 m. 

        Section Width  (Bc)              =         1.550 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         14- #8 (    0.0071)       12- #8 (    0.0061)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -636.36      1087.37       416.63       636.35      3621.12 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -636.36      1087.37       416.63       636.35      3621.12 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0110 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     39997.518 kN. 

           -. Pr         =     -1069.671 kN. 

           -. Mry        =       672.477 kN-m. 

           -. Mrz        =      6064.755 kN-m. 

           -. Mr         =      6101.924 kN-m. 

           -. Pu/Pr      =   0.595  --->  O.K ! 

           -. Muy/Mry    =   0.620  --->  O.K ! 

           -. Muz/Mrz    =   0.597  --->  O.K ! 

           -. Mu/Mr      =   0.620  --->  O.K ! 

           -. Ratio      =   0.620  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3555.12 kN. 

           -. Vuz    =        577.79 kN. 

           -. Muy    =       -405.38 kN-m. 

           -. bvz    =   1.55 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.37 m. 

           -. thetaz =  32.87 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.62 
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           -. Vuy    =       1249.46 kN. 

           -. Muz    =      -3606.60 kN-m. 

           -. bvy    =   1.55 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.37 m. 

           -. thetay =  36.46 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   1.85 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      577.79 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2435.43 kN. 

           -. phiVcz    = phi * Vcz =     2191.89 kN. 

 

           -. Vuy       =     1249.46 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1714.85 kN. 

           -. phiVcy    = phi * Vcy =     1543.36 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 

           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2346.83 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    12258.16 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2346.83 kN. 

           -. phiVsz   = phi*Vsz =     2112.15 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2052.51 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    12978.74 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2052.51 kN. 

           -. phiVsy   = phi*Vsy =     1847.26 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1249.461 kN. 

           -. Vr       =    3390.620 kN. 

           -. Ratio    = Vu / Vr = 0.369  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1388.29 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      641.99 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0036 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0037 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 

           -. As      =   0.0265 m^2. 

           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = COLUMN ,  MEMB =107200,  LCB = 152+,  POS =    J 

 

      *.DESCRIPTION OF COLUMN  DATA (iSEC =    47) : C_155x155 

        Column Height (L)                =         2.450 m. 

 

        Section Type : SOLID BOX (SB) 

        Section Depth  (Hc)              =         1.550 m. 

        Section Width  (Bc)              =         1.550 m. 

        Concrete Strength (fc)           =     27579.038 KPa. 

        Main Rebar Strength (fy)         =    413685.566 KPa. 

        Ties/Spirals Strength (fys)      =    413685.566 KPa. 

        Modulus of Elasticity (Es)       = 199948023.746 KPa. 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------------------------------------- 

          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 

        --------------------------------------------------------------------------------------- 

            1         14- #8 (    0.0071)       12- #8 (    0.0061)            -              

        --------------------------------------------------------------------------------------- 

 

      *.Ties :  2.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 

 =============================================================================== 

 

      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 

           *.Load combination ID = 152+ 

           ------------------------------------------------------------------------------- 

            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                 -0.00         0.00         0.00         0.00         0.00 

            LL                 -0.00         0.00         0.00         0.00         0.00 

            DL+LL              -0.00         0.00         0.00         0.00         0.00 

            Others           -583.78       717.51       553.17       881.20      3467.52 

           ------------------------------------------------------------------------------- 

            DL+LL+Others     -583.78       717.51       553.17       881.20      3467.52 

           ------------------------------------------------------------------------------- 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 =============================================================================== 
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      ( ). Compute design parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomax1 =   0.0300 (User Input) 

           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 

           -. Rhomin  = 0.135*fc'/fy =   0.0090 

 

      ( ). Check tensile reinforcement. 

           -. Rho     =     0.0110 

           -. Rho_min < Rho < Rho_max  --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. Pr_max     =     39997.518 kN. 

           -. Pr         =     -1027.748 kN. 

           -. Mry        =       994.114 kN-m. 

           -. Mrz        =      6064.304 kN-m. 

           -. Mr         =      6145.246 kN-m. 

           -. Pu/Pr      =   0.568  --->  O.K ! 

           -. Muy/Mry    =   0.556  --->  O.K ! 

           -. Muz/Mrz    =   0.572  --->  O.K ! 

           -. Mu/Mr      =   0.572  --->  O.K ! 

           -. Ratio      =   0.572  --->  O.K ! 

 

 ===================================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 

 ===================================================================================== 

 

      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 

           -. phi    =   0.90 

           -. Av     =     0.0004 m^2. 

           -. Pu     =       3550.15 kN. 

           -. Vuz    =        458.55 kN. 

           -. Muy    =       -538.87 kN-m. 

           -. bvz    =   1.55 m. 

           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   1.37 m. 

           -. thetaz =  32.56 Deg.   [Clause 5.8.3.4.2] 

           -. betaz  =   2.72 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 7. DISEÑO DE PLINTOS 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 93 DE 94 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

 

           -. Vuy    =       1088.36 kN. 

           -. Muz    =      -3459.90 kN-m. 

           -. bvy    =   1.55 m. 

           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   1.37 m. 

           -. thetay =  36.11 Deg.   [Clause 5.8.3.4.2] 

           -. betay  =   1.90 

 

      ( ). Compute shear strength of concrete. 

           -. Vuz       =      458.55 kN. 

           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2529.70 kN. 

           -. phiVcz    = phi * Vcz =     2276.73 kN. 

 

           -. Vuy       =     1088.36 kN. 

           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1766.85 kN. 

           -. phiVcy    = phi * Vcy =     1590.17 kN. 

 

      ( ). Compute maximum spacing of ties. 

           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 

           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 

           -. Applied spacing s_z   =    0.150 m. 

 

           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 

           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 

           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 

           -. Applied spacing s_y   =    0.150 m. 

 

           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2375.68 kN. 

           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =    12163.89 kN. 

           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2375.68 kN. 

           -. phiVsz   = phi*Vsz =     2138.11 kN. 

           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 

           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0027 m^2/m. 

 

           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2079.49 kN. 

           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =    12926.74 kN. 

           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2079.49 kN. 

           -. phiVsy   = phi*Vsy =     1871.54 kN. 

           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 

           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0027 m^2/m. 

 

           -. Vu       =    1088.365 kN. 

           -. Vr       =    3461.710 kN. 

           -. Ratio    = Vu / Vr = 0.314  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 

           -. phia    =   0.75 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1209.29 kN. 

           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      509.50 kN. 

           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   

0.0030 m^2. 

           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -

0.0037 m^2. 

           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 

           -. As      =   0.0265 m^2. 

           -. As_req < As  --->  O.K ! 
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APÉNDICE: 

4. MODELO DE CÁLCULO DE CABALLETES 
A continuación, se incluyen las comprobaciones relativas al diseño de los caballetes que dan acceso a 

la calzada peatonal. 

4.1. CABALLETE 1 
Índice 

 
 

 

1    DEFINICIóN DEL PROYECTO 
 

   1.1    Ámbito normativo 
   1.2    Geometría 

      1.2.1    Zapata 

      1.2.2    Muro frontal 
      1.2.3    Cargadero 

      1.2.4    Espaldón 
      1.2.5    Apoyos 

      1.2.6    Aleta 1 
      1.2.7    Aleta 2 

   1.3    Fases constructivas 

   1.4    Terreno 
   1.5    Materiales 

      1.5.1    Hormigón Alzado 
      1.5.2    Hormigón Zapata 

      1.5.3    Hormigón Capa de nivelación 

      1.5.4    Armadura pasiva Alzado 
      1.5.5    Armadura pasiva Zapata 

   1.6    Fisuración 
   1.7    Acciones 

      1.7.1    Acciones permanentes en el estribo 

      1.7.2    Acciones variables en el estribo 
      1.7.3    Acciones accidentales en el estribo 

      1.7.4    Acciones permanentes en el tablero 
      1.7.5    Acciones variables en el tablero 

      1.7.6    Acciones accidentales en el tablero 
   1.8    Seguridad 

   1.9    Armadura 

   1.10    Recubrimientos geométricos 
   1.11    Configuración del cálculo 

 
2    MODELO DE CáLCULO 

 

 
3    ESFUERZOS CARACTERíSTICOS 
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   3.1    Zapata 
   3.2    Muro frontal 

   3.3    Aleta 1 
   3.4    Aleta2 

 

4    ESTADO LíMITE DE DESLIZAMIENTO 
 

   4.1    Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio 
   4.2    Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio 

   4.3    Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio 
   4.4    Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en servicio 

   4.5    Resumen de verificaciones 

 
5    ESTADO LíMITE DE VUELCO 

 
   5.1    Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio 

   5.2    Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio 

   5.3    Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio 
   5.4    Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en servicio 

   5.5    Resumen de verificaciones 
 

6    ESTADO LíMITE DE HUNDIMIENTO 
 

   6.1    Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio 

   6.2    Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio 
   6.3    Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio 

   6.4    Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en servicio 
   6.5    Resumen de verificaciones 

 

7    ESTADO LíMITE DE FLEXIóN 
 

   7.1    Zapata 
      7.1.1    Esfuerzos de cálculo 

      7.1.2    Armaduras de cálculo 

   7.2    Muro frontal 
      7.2.1    Esfuerzos de cálculo 

      7.2.2    Armaduras de cálculo 
   7.3    Aleta 1 

      7.3.1    Esfuerzos de cálculo 
      7.3.2    Armaduras de cálculo 

   7.4    Aleta2 

      7.4.1    Esfuerzos de cálculo 
      7.4.2    Armaduras de cálculo 

   7.5    Resumen de verificaciones 
 

8    ESTADO LíMITE DE FISURACIóN 

 
   8.1    Zapata 

      8.1.1    Esfuerzos de cálculo 
      8.1.2    Cálculo de E.L. de fisuración 
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   8.2    Muro frontal 

      8.2.1    Esfuerzos de cálculo 
      8.2.2    Cálculo de E.L. de fisuración 

   8.3    Aleta 1 
      8.3.1    Esfuerzos de cálculo 

      8.3.2    Cálculo de E.L. de fisuración 

   8.4    Aleta2 
      8.4.1    Esfuerzos de cálculo 

      8.4.2    Cálculo de E.L. de fisuración 
   8.5    Resumen de verificaciones 

 
9    ESTADO LíMITE DE CORTANTE 

 

   9.1    Zapata 
      9.1.1    Esfuerzos de cálculo 

      9.1.2    Comprobación de las bielas de compresión 
      9.1.3    Armaduras de cortante  

   9.2    Muro frontal 

      9.2.1    Esfuerzos de cálculo 
      9.2.2    Comprobación de las bielas de compresión 

      9.2.3    Armaduras de cortante  
   9.3    Aleta 1 

      9.3.1    Esfuerzos de cálculo 
      9.3.2    Comprobación de las bielas de compresión 

      9.3.3    Armaduras de cortante  

   9.4    Aleta2 
      9.4.1    Esfuerzos de cálculo 

      9.4.2    Comprobación de las bielas de compresión 
      9.4.3    Armaduras de cortante  

   9.5    Resumen de verificaciones 
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1    DEFINICIóN DEL PROYECTO 

 
 

1.1    Ámbito normativo 
 
AASHTO-LRFD - S1. Introducción. 2017 
AASHTO-LRFD - S2. Características generales de diseño y ubicación. 2017 
AASHTO-LRFD - S3. Cargas y factores de carga. 2017 
AASHTO-LRFD - S4. Análisis y evaluación estructural. 2017 
AASHTO-LRFD - S5. Estructuras de hormigón. 2017 
AASHTO-LRFD - S9. Tableros y sistemas de tableros. 2017 
AASHTO-LRFD - S10. Cimentaciones. 2017 
AASHTO-LRFD - S11. Muros, estribos y pilas. 2017 
AASHTO-LRFD - S12. Estructuras enterradas y revestimientos para túneles. 2017 
AASHTO-LRFD - S14. Juntas y apoyos. 2017 
 

1.2    Geometría 

 
 
1.2.1    Zapata 
 
  

 
  

Canto de la zapata  :     1.200  m 

Cota de la cara superior de la zapata  :     0.000  m 

Espesor de la capa de nivelación  :     0.100  m 

 
 
1.2.2    Muro frontal 
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1.2.3    Cargadero 
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Z1  :     2.600  m 

Z2  :     3.200  m 

Z3  :     3.200  m 

Z4  :     3.200  m 

Z5  :     2.600  m 

 

E1  :     0.400  m 

E2  :     8.500  m 

E3  :     0.400  m 

 

p1  :   0.0  % 

p2  :   0.0  % 

   :  100.000  g 
 
 
1.2.4    Espaldón 
 
  

 
  

Z1  :     4.950  m 

Z2  :     4.950  m 

 
 
1.2.5    Apoyos 
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D  :     0.800  m 

R  :     0.050  m 

P  :   0.0   

 

Apoyo Di H Zn  A B 

  (m)  (m)  (m)  (m)  (m) 

1 4.270 0.100 3.450 0.400 0.300 

2 8.460 0.100 3.450 0.400 0.300 

 
 

1.2.6    Aleta 1 
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ALZADO ALETA 1
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E1  :     0.500  m 

 
 
1.2.7    Aleta 2 
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E1  :     0.500  m 

 
 

1.3    Fases constructivas 
 

 
No se considera en el cálculo la fase de construcción. 
Se considera en el cálculo la fase de servicio. 
No se considera en el cálculo la fase a tiempo infinito. 
 

1.4    Terreno 

 
 
Definición de las cotas del terreno 
  
 

  
 
Definición de parámetros geotécnicos de las capas del terreno 
 

Capa Nombre Tipo Cota inferior Densidad natural Densidad saturada Densidad seca 

    (m)  (kN/m3)  (kN/m3)  (kN/m3) 

2.300

4.950

-1.150

TERRENO
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1 Relleno Granular    -1.150 18.0 20.0 16.0 

2 Terreno Granular -10000.000 20.0 22.0 18.0 

 
Capa Nombre Tipo Ángulo de rozamiento Cohesión Presión de hundimiento 

    (º)  (kN/m2)  (kN/m2) 

1 Relleno Granular 30.0 0.0   0.0 

2 Terreno Granular 30.0 0.0 390.0 

 
 

Definición de los parámetros contacto hormigón-terreno 
 

Capa Nombre Áng. roz. zapata-terreno Adherencia Áng. roz. alzado-terreno 

   (º)  (kN/m2)  (º) 

1 Relleno 20.0 0.0 0.0 

2 Terreno 20.0 0.0 0.0 

 

Coeficiente de balasto vertical   :     10000  kN/m3 
 
 

1.5    Materiales 
 

 
1.5.1    Hormigón Alzado 
 
 

Denominación: C30 

      Resistencia a compresión, f'c  :    30.0  MPa 

      Módulo de rotura, fr  :    -3.5  MPa 

      Resistencia a la tracción directa, fr  :    -3.3  MPa 

      Módulo elástico longitudinal, Ec  :  30242.7  MPa 

      Coeficiente de Poisson,   :  0.20   

      Peso específico,   :  23.6  kN/m3 

      Coeficiente de la naturaleza del árido,   :  1.0   

      Coeficiente de dilatación térmica,   :  0.00001080  ºC-1 
 
Diagrama rectangular: 
     Coeficiente profundidad del bloque de compresión, 1  :  0.83   

     Coeficiente intensidad del bloque de compresión,   :  0.85   

 
Tipo de hormigón: Hormigón de densidad normal 
 
 
1.5.2    Hormigón Zapata 
 
 

Denominación: C30 

      Resistencia a compresión, f'c  :    30.0  MPa 

      Módulo de rotura, fr  :    -3.5  MPa 

      Resistencia a la tracción directa, fr  :    -3.3  MPa 

      Módulo elástico longitudinal, Ec  :  30242.7  MPa 

      Coeficiente de Poisson,   :  0.20   

      Peso específico,   :  23.6  kN/m3 

      Coeficiente de la naturaleza del árido,   :  1.0   

      Coeficiente de dilatación térmica,   :  0.00001080  ºC-1 
 
Diagrama rectangular: 
     Coeficiente profundidad del bloque de compresión, 1  :  0.83   

     Coeficiente intensidad del bloque de compresión,   :  0.85   

 
Tipo de hormigón: Hormigón de densidad normal 
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1.5.3    Hormigón Capa de nivelación 
 
 

Denominación: C20 

      Resistencia a compresión, f'c  :    20.0  MPa 

 
 
1.5.4    Armadura pasiva Alzado 
 
 

Denominación: Grado 60 ASTM A-615 

      Tensión de fluencia nominal, fy  :     414  MPa 

      Tensión máxima, fymax  :     621  MPa 

      Módulo de elasticidad, Es  :  199947  MPa 

      Deformación última en compresión, max,1  :   0.01000   

      Deformación última en tracción, max,2  :  -0.01000   

      Densidad del acero,    :  77.0  kN/m3 
 
 
1.5.5    Armadura pasiva Zapata 
 
 

Denominación: Grado 60 ASTM A-615 

      Tensión de fluencia nominal, fy  :     414  MPa 

      Tensión máxima, fymax  :     621  MPa 

      Módulo de elasticidad, Es  :  199947  MPa 

      Deformación última en compresión, max,1  :   0.01000   

      Deformación última en tracción, max,2  :  -0.01000   

      Densidad del acero,    :  77.0  kN/m3 
 
 

1.6    Fisuración 

 
Alzado 
      Clase de exposición: Ninguna+F0+S0+P0+C0 

      Factor de exposición  :  1.00   

 
Zapata 
      Clase de exposición: Ninguna+F0+S0+P0+C0 
      Factor de exposición  :  1.00   

 
 

1.7    Acciones 

 
 
1.7.1    Acciones permanentes en el estribo 
 
 
Terreno : 
 
Se considera el empuje al reposo en el terreno del trasdós. 
No se considera el empuje pasivo en el terreno del intradós. 
En fase de construcción el nivel de tierras en el trasdós llega hasta la coronación. 
No se considera la contribución del rozamiento terreno-terreno. 
 
1.7.2    Acciones variables en el estribo 
 
 
Sobrecarga en terraplén : 
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Sobrecarga en terraplén en fase de servicio   :     4.30  kN/m2 
 
 
Acción vertical de la rueda del vehículo sobre el espaldón 
 

Valor  :     0.00  kN 

 
 
1.7.3    Acciones accidentales en el estribo 
 
 
Sismo : 
 
Definición del sismo 
 
Definición de la acción sísmica : 
 

Aceleración sísmica, PGA   :  0.174  m/s2 

Factor de suelo, Fpga   :   1.000   

Aceleración de cálculo   :  0.174  m/s2 
 
 
La importancia de la estructura es esencial. 
 
Parámetros sísmicos del empuje de tierras 
 
 
 Coeficiente sísmico horizontal : 
 
 Kh =   · 1/r · F pga · PGA/g 

 r   :   1.000   

    :   1.000   

 
 Coeficiente sísmico vertical : 
 
 Kv =   · K h 

  :  0.000 

 
Empujes sísmicos sobre estructuras de contención de tierras : 
 
El agua intersticial vibra conjuntamente con el esqueleto sólido del suelo. 
 
1.7.4    Acciones permanentes en el tablero 
 
 
Definición de los ejes de las cargas del tablero : 
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 x y z 

  (m)  (m)  (m) 

Eje L 0.000 -1.000 0.000 

Eje T -1.000 0.000 0.000 

Eje V 0.000 0.000 -1.000 

 
 

Cargas : 
 

PP_Tab2 :  Peso propio. Tablero (incremento) . Fase: estribo en servicio 

DC :  Peso propio de los componentes estructurales y accesorios no estructurales  

 
 Acción Hip. Apoyo FL FT FV Tipo +/- 

        (kN)  (kN)  (kN)     
 PP_Tab2 1 1    0.00    0.00  355.50 Excluyentes No 
   1 2    0.00    0.00  350.70     
 DC 1 1    0.00    0.00   30.50 Excluyentes No 
   1 2    0.00    0.00   27.30     
 
 +/-  : indica si se consideran o no las acciones de signo contrario a las introducidas. 
 
 
1.7.5    Acciones variables en el tablero 
 
 
Definición de los ejes de las cargas del tablero : 
 
  
 

  

 x y z 

  (m)  (m)  (m) 
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Eje L 0.000 -1.000 0.000 

Eje T -1.000 0.000 0.000 

Eje V 0.000 0.000 -1.000 

 
 

Cargas : 
 

TE :  Temperatura. Efecto global  

TR :  Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico  

 

 Acción Hip. Apoyo FL FT FV Tipo +/- 

        (kN)  (kN)  (kN)     
 TE 1 1   29.40    0.00  216.70 Excluyentes Sí 
   1 2   31.90    0.00  244.20     
 TR 1 1    0.00    0.00   91.70 Excluyentes No 
   1 2    0.00    0.00   86.30     
 
 +/-  : indica si se consideran o no las acciones de signo contrario a las introducidas. 
 
 
1.7.6    Acciones accidentales en el tablero 
 
 
Definición de los ejes de las cargas del tablero : 
 
  
 

  

 x y z 

  (m)  (m)  (m) 

Eje L 0.000 -1.000 0.000 

Eje T -1.000 0.000 0.000 

Eje V 0.000 0.000 -1.000 

 
 

Cargas : 
 

SI_X :  Sismo. Sismo en el eje global X 

SI_Y :  Sismo. Sismo en el eje global Y 

 

 Acción Hip. Apoyo FL FT FV Tipo +/- 

        (kN)  (kN)  (kN)     
 SI_X 1 1   79.60  272.10  474.30 Excluyentes No 
   1 2   46.70  268.00  125.90     
 SI_Y 1 1   86.40  233.20  134.90 Excluyentes No 
   1 2   86.90  240.20  396.40     
 
 +/-  : indica si se consideran o no las acciones de signo contrario a las introducidas. 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 18 DE 472 

 

 

 
 
Combinaciones de sismo : 
 
Combinación 1: 
SI1  =   1.0 · SI_L  +   0.3 · SI_T   +   0.3 · SI_V  

 
Combinación 2: 

SI2  =   0.3 · SI_L  +   1.0 · SI_T   +   0.3 · SI_V 

 
Combinación 3: 

SI3  =   0.3 · SI_L  +   0.3 · SI_T    +   1.0 · SI_V 

 
Tipos de combinaciones consideradas de sismo: 
 
SI1: Combinación nº1 de sismo 

SI2: Combinación nº2 de sismo 

SI3: Combinación nº3 de sismo 

 
SI_L, SI_T, SI_V: hipótesis de sismo en las direcciones longitudinal, transversal y vertical 
 

1.8    Seguridad 

 
Estado límite de servicio 

 Combinación de Servicio I 

 Coeficiente favorable Coeficiente desfavorable 

Peso propio. Estribo 1.00 1.00 

Peso propio. Tablero. Fase de construcción  1.00 1.00 

Peso propio de los componentes estructurales y accesorios no 
estructurales  

1.00 1.00 

Peso propio de las superficies de rodamiento e instalaciones para 
servicios públicos 

1.00 1.00 

Descensos de apoyo. Instantáneo 0.00 1.00 

Reología. Retracción 1.00 1.00 

Reología. Fluencia 1.00 1.00 

Pretensado. Fase de construcción 1.00 1.00 

Pérdidas de pretensado totales 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 1.00 1.00 

Terreno. Tierras. Empuje pasivo 1.00 1.00 

Terreno. Tierras. Peso propio 1.00 1.00 

Terreno. Fricción negativa 0.00 1.00 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje 0.00 1.00 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical 0.00 1.00 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico  0.00 1.00 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico vertical  0.00 1.00 

Sobrecargas de uso. Sobrecargas de uso en tablero. Componentes de 
los modelos. Frenado/arranque 

0.00 1.00 

Sobrecargas de uso. Sobrecargas de uso en tablero. Componentes de 
los modelos. Fuerza centrífuga 

0.00 1.00 

Viento sobre la estructura 0.00 1.00 

Viento sobre la sobrecarga 0.00 1.00 

Temperatura. Efecto global  0.00 1.20 

Temperatura. Aumento uniforme de temperatura 0.00 1.20 

Temperatura. Gradiente térmico 0.00 0.50 

Temperatura. Gradiente térmico 0.00 1.00 

Acción del agua. Nivel freático. Efecto global. 0.00 1.00 

Sismo. Efecto global 0.00 0.00 

Impacto. Vehículos de carretera. Contra las aletas 0.00 0.00 
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Estado límite de resistencia 

 
Estado Límite de resistencia 

I 
Estado Límite de resistencia 

III 
Estado Límite de resistencia 

V 

 
Coeficiente 
favorable 

Coeficiente 
desfavorable 

Coeficiente 
favorable 

Coeficiente 
desfavorable 

Coeficiente 
favorable 

Coeficiente 
desfavorable 

Peso propio. Estribo 0.90 1.25 0.90 1.25 0.90 1.25 

Peso propio. Tablero. Fase de construcción  0.90 1.25 0.90 1.25 0.90 1.25 

Peso propio de los componentes estructurales y 
accesorios no estructurales  

0.90 1.25 0.90 1.25 0.90 1.25 

Peso propio de las superficies de rodamiento e 
instalaciones para servicios públicos 

0.65 1.50 0.65 1.50 0.65 1.50 

Descensos de apoyo. Instantáneo 0.00 1.00 0.00 1.00 0.00 1.00 

Reología. Retracción 1.00 1.00 1.00 1.00 1.00 1.00 

Reología. Fluencia 1.00 1.00 1.00 1.00 1.00 1.00 

Pretensado. Fase de construcción 1.00 1.00 1.00 1.00 1.00 1.00 

Pérdidas de pretensado totales 1.00 1.00 1.00 1.00 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 0.90 1.50 0.90 1.50 0.90 1.50 

Terreno. Tierras. Empuje en trasdós 0.90 1.35 0.90 1.35 0.90 1.35 

Terreno. Tierras. Empuje pasivo 1.00 1.00 1.00 1.00 1.00 1.00 

Terreno. Tierras. Peso propio 1.00 1.35 1.00 1.35 1.00 1.35 

Terreno. Fricción negativa 0.25 1.40 0.25 1.40 0.25 1.40 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje 0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas en terraplén. Acción 
vertical 

0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Tráfico  

0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Tráfico vertical  

0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Componentes de los modelos. Frenado/arranque 

0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Componentes de los modelos. Fuerza centrífuga 

0.00 1.75 0.00 0.00 0.00 1.35 

Viento sobre la estructura 0.00 0.00 0.00 1.00 0.00 1.00 

Viento sobre la sobrecarga 0.00 0.00 0.00 0.00 0.00 1.00 

Temperatura. Efecto global  0.00 1.20 0.00 1.20 0.00 1.20 

Temperatura. Aumento uniforme de temperatura 0.00 1.20 0.00 1.20 0.00 1.20 

Temperatura. Gradiente térmico 0.00 1.50 0.00 0.00 0.00 0.00 

Temperatura. Gradiente térmico 0.00 1.50 0.00 0.00 0.00 0.00 

Acción del agua. Nivel freático. Efecto global. 0.00 1.00 0.00 1.00 0.00 1.00 

Sismo. Efecto global 0.00 0.00 0.00 0.00 0.00 0.00 

Impacto. Vehículos de carretera. Contra las aletas 0.00 0.00 0.00 0.00 0.00 0.00 

 
 
 

Estado límite de Evento Extremo 

 Combinación de Evento Extremo I Combinación de Evento Extremo II 

 
Coeficiente 
favorable 

Coeficiente 
desfavorable 

Coeficiente 
favorable 

Coeficiente 
desfavorable 

Peso propio. Estribo 0.90 1.25 0.90 1.25 

Peso propio. Tablero. Fase de construcción  0.90 1.25 0.90 1.25 

Peso propio de los componentes estructurales y accesorios no 
estructurales  

1.00 1.00 1.00 1.00 

Peso propio de las superficies de rodamiento e instalaciones para 
servicios públicos 

1.00 1.00 1.00 1.00 

Descensos de apoyo. Instantáneo 0.00 0.00 0.00 0.00 

Reología. Retracción 1.00 1.00 1.00 1.00 

Reología. Fluencia 1.00 1.00 1.00 1.00 

Pretensado. Fase de construcción 1.00 1.00 1.00 1.00 

Pérdidas de pretensado totales 1.00 1.00 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 1.00 1.00 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 1.00 1.00 1.00 1.00 

Terreno. Tierras. Empuje pasivo 1.00 1.00 1.00 1.00 
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Terreno. Tierras. Peso propio 1.00 1.35 1.00 1.35 

Terreno. Fricción negativa 1.00 1.00 1.00 1.00 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje 0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical 0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico  0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico vertical  0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas de uso en tablero. Componentes de 
los modelos. Frenado/arranque 

0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas de uso en tablero. Componentes de 
los modelos. Fuerza centrífuga 

0.00 1.00 0.00 0.50 

Viento sobre la estructura 0.00 0.00 0.00 0.00 

Viento sobre la sobrecarga 0.00 0.00 0.00 0.00 

Temperatura. Efecto global  0.00 0.00 0.00 0.00 

Temperatura. Aumento uniforme de temperatura 0.00 0.00 0.00 0.00 

Temperatura. Gradiente térmico 0.00 0.00 0.00 0.00 

Temperatura. Gradiente térmico 0.00 0.00 0.00 0.00 

Acción del agua. Nivel freático. Efecto global. 0.00 1.00 0.00 1.00 

Sismo. Efecto global 1.00 1.00 0.00 0.00 

Impacto. Vehículos de carretera. Contra las aletas 0.00 0.00 1.00 1.00 

 
 
 

Factores de resistencia a flexión 

    Resistencia Evento extremo 

Control por 
compresión 

Deformación Armadura pasiva cf min    -0.002 -0.002 

   cf max    -0.004 -0.004 

  Armadura activa cf    -0.002 -0.002 

 Factor de resistencia Caso general c     0.750 0.750 

  Columnas c  0.900 

Control por 
tracción 

Deformación Armadura pasiva tf min    -0.005 -0.005 

   tf max    -0.008 -0.008 

  Armadura activa tf    -0.005 -0.005 

 Factor de resistencia Armadura pasiva Densidad normal     0.900 0.900 

   Hormigón ligero     0.900 0.900 

  Armadura activa Densidad normal     1.000 1.000 

   Hormigón ligero     1.000 1.000 

 
 

Factores de resistencia a cortante y torsión 
 
Secciones adherentes      :  Secciones monolíticas de hormigón pretensado o elementos con juntas si los tendones son adherentes 
Secciones no adherentes : Secciones monolíticas de hormigón pretensado o elementos con juntas si los tendones son no adherentes 
 

  Resistencia Evento extremo 

Hormigón armado Densidad normal 0.900 0.900 

 Hormigón ligero 0.900 0.900 

Secciones adherentes Densidad normal 0.900 0.900 

 Hormigón ligero 0.900 0.900 

Secciones no adherentes Densidad normal 0.850 0.850 

 Hormigón ligero 0.850 0.850 

 
 

Movimientos admisibles  
 
Desplazamiento máximo horizontal en coronación  :    100  mm 

Desplazamiento máximo vertical en coronación  :     50  mm 

Desplazamiento máximo vertical en la zapata/encepado  :     50  mm 
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Combinaciones de acciones 
 
PP_Est: Peso propio. Estribo 
PP_Tab2: Peso propio. Tablero (incremento) . Fase: estribo en servicio 
DC: Peso propio de los componentes estructurales y accesorios no estructurales  
PT2: Terreno. Tierras. Peso propio 
Emp_T2_ER: Terreno. Tierras. Empuje en trasdós 
TR: Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico  
TE: Temperatura. Efecto global  
SR2_Emp: Sobrecargas de uso. Sobrecargas en terraplén. Empuje 
SR2_V: Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical 
SI: Sismo. Efecto global 
 
 Estado límite: Estado límite de deslizamiento zapata - terreno 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia I 
 Instante: Estructura en servicio 
 
EST-R1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia III 
 Instante: Estructura en servicio 
 
EST-R3-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia V 
 Instante: Estructura en servicio 
 
EST-R5-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Combinación de Evento Extremo I. Sísmica 
 Instante: Estructura en servicio 
 
EST-E1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR +  SI 
 
 Estado límite: Estado límite de vuelco rígido 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia I 
 Instante: Estructura en servicio 
 
EST-R1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia III 
 Instante: Estructura en servicio 
 
EST-R3-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia V 
 Instante: Estructura en servicio 
 
EST-R5-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Combinación de Evento Extremo I. Sísmica 
 Instante: Estructura en servicio 
 
EST-E1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR +  SI 
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 Estado límite: EL Hundimiento del terreno 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia I 
 Instante: Estructura en servicio 
 
EST-R1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia III 
 Instante: Estructura en servicio 
 
EST-R3-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia V 
 Instante: Estructura en servicio 
 
EST-R5-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Combinación de Evento Extremo I. Sísmica 
 Instante: Estructura en servicio 
 
EST-E1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR +  SI 
 
 Estado límite: Estado límite geotécnico de servicio de asientos 
 Situación: Estado límite de Servicio 
 Combinación: Combinación de Servicio I 
 Instante: Estructura en servicio 
 
EST-S1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Estado límite: EL Rotura por flexión 
 Situación: Estado límite de Resistencia 
 Combinación: Envolvente global 
 Instante: Envolvente global 
 
EST-R-EG-1 =  
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Envolvente global 
 Instante: Envolvente global 
 
EST-E-EG-1 =  
 
 Estado límite: EL Fisuración 
 Situación: Estado límite de Servicio 
 Combinación: Combinación de Servicio I 
 Instante: Estructura en servicio 
 
EST-S1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Estado límite: EL Rotura por cortante 
 Situación: Estado límite de Resistencia 
 Combinación: Envolvente global 
 Instante: Envolvente global 
 
EST-R-EG-1 =  
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Envolvente global 
 Instante: Envolvente global 
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EST-E-EG-1 =  
 
 Estado límite: EL Deformaciones 
 Situación: Estado límite de Servicio 
 Combinación: Combinación de Servicio I 
 Instante: Estructura en servicio 
 
EST-S1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 

1.9    Armadura 
 

 
1.10    Recubrimientos geométricos 

 
Alzado :   50  mm 

Zapata :   50  mm 

 
 

1.11    Configuración del cálculo 
 

 
Método de distribución de tensiones uniforme (Método de la zapata equivalente) 
 
 
El cálculo se realiza con una discretización de malla fina (adecuada para el cálculo definitivo de la estructura). 
 
 
Los esfuerzos de cálculo se obtienen a partir de los esfuerzos del modelo de elementos finitos, integrándolos en una anchura de  
 

Se integran en una anchura de   :     1.000  m 

 
La verificación del cálculo a flexión de los pilotes se realiza en un pilote con los esfuerzos pésimos. 
 
La verificación del cálculo a cortante de los pilotes se realiza en un pilote con los esfuerzos pésimos. 
 
 
 

2    MODELO DE CáLCULO 

 
Para el cálculo del estribo se genera un modelo de elementos finitos. 
 
Cada parte de la estructura se modeliza con placas discretizadas con elementos tipo TCCL1 (Elementos triangulares de lámina de Reissner-
Mindlin, cuadrático en desplazamientos y giros, y lineal en desplazamientos de cortante). 
Número de nodos de la estructura  :   3109   

Número de elementos del tipo barra  :      0   

Número de elementos del tipo lámina triangular TCCL1  :   1526   

 
 
: Ángulo interior mínimo de los elementos de la discretización 

Lmáx.: Longitud máxima de un lado del elemento TCCL1 

 
 Placa  Lmáx. 

    (º)  (m) 
 1    30.0    1.000 
 2    30.0    1.000 
 3    30.0    1.000 
 4    30.0    1.000 
 5    30.0    1.000 
 6    30.0    1.000 
 7    30.0    1.000 
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 8    30.0    1.000 
 9    30.0    1.000 
 10    30.0    1.000 
 11    30.0    1.000 
 
   
 

  
 
 

3    ESFUERZOS CARACTERíSTICOS 
 

 
3.1    Zapata 

 
  
 

  
  

 -12.42 a   -8.28

  -8.28 a   -4.14

  -4.14 a   -0.00

  -0.00 a    0.00

   0.00 a    3.23

   3.23 a    6.45

   6.45 a    9.68

   9.68 a   12.91

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje longitudinal 

Zapata
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 -13.84 a  -10.38

 -10.38 a   -6.92

  -6.92 a   -3.46

  -3.46 a   -0.00

  -0.00 a    0.00

   0.00 a    2.34

   2.34 a    4.68

   4.68 a    7.02

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje trans v ers al

Zapata

 -22.97 a  -15.31

 -15.31 a   -7.66

  -7.66 a   -0.00

  -0.00 a    0.00

   0.00 a    8.94

   8.94 a   17.87

  17.87 a   26.81

  26.81 a   35.74

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje trans v ers al (armado longitudina l)

Zapata
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  -2.28 a   -0.00

  -0.00 a    0.00

   0.00 a   20.81

  20.81 a   41.63

  41.63 a   62.44

  62.44 a   83.26

  83.26 a  104.07

 104.07 a  124.88

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje longitudinal (armado trans v ers a l)

Zapata

 -84.92 a  -56.62

 -56.62 a  -28.31

 -28.31 a   -0.00

  -0.00 a    0.00

   0.00 a   21.24

  21.24 a   42.49

  42.49 a   63.73

  63.73 a   84.97

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je longitudinal 

Zapata
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 -71.28 a  -47.52

 -47.52 a  -23.76

 -23.76 a   -0.00

  -0.00 a    0.00

   0.00 a   20.42

  20.42 a   40.83

  40.83 a   61.25

  61.25 a   81.66

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je trans v ers al

Zapata

 -10.74 a   -8.59

  -8.59 a   -6.44

  -6.44 a   -4.29

  -4.29 a   -2.15

  -2.15 a   -0.00

  -0.00 a    0.00

   0.00 a    1.04

   1.04 a    2.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata
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  -7.47 a   -6.23

  -6.23 a   -4.98

  -4.98 a   -3.74

  -3.74 a   -2.49

  -2.49 a   -1.25

  -1.25 a   -0.00

  -0.00 a    0.00

   0.00 a    0.86

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata

  -5.00 a   -3.33

  -3.33 a   -1.67

  -1.67 a   -0.00

  -0.00 a    0.00

   0.00 a    2.29

   2.29 a    4.58

   4.58 a    6.87

   6.87 a    9.16

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata
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 -37.33 a  -29.87

 -29.87 a  -22.40

 -22.40 a  -14.93

 -14.93 a   -7.47

  -7.47 a   -0.00

  -0.00 a    0.00

   0.00 a    5.83

   5.83 a   11.66

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata

 -23.87 a  -15.91

 -15.91 a   -7.96

  -7.96 a   -0.00

  -0.00 a    0.00

   0.00 a    5.98

   5.98 a   11.96

  11.96 a   17.95

  17.95 a   23.93

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata
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 -43.23 a  -32.42

 -32.42 a  -21.61

 -21.61 a  -10.81

 -10.81 a   -0.00

  -0.00 a    0.00

   0.00 a    6.45

   6.45 a   12.90

  12.90 a   19.35

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata

-101.90 a  -76.42

 -76.42 a  -50.95

 -50.95 a  -25.47

 -25.47 a   -0.00

  -0.00 a    0.00

   0.00 a   13.65

  13.65 a   27.31

  27.31 a   40.96

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata
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 -58.07 a  -38.72

 -38.72 a  -19.36

 -19.36 a   -0.00

  -0.00 a    0.00

   0.00 a   21.36

  21.36 a   42.72

  42.72 a   64.08

  64.08 a   85.43

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata

-193.03 a -160.86

-160.86 a -128.69

-128.69 a  -96.52

 -96.52 a  -64.34

 -64.34 a  -32.17

 -32.17 a   -0.00

  -0.00 a    0.00

   0.00 a   17.59

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 32 DE 472 

 

 

  
  

 
  
  
 

-184.14 a -138.10

-138.10 a  -92.07

 -92.07 a  -46.03

 -46.03 a   -0.00

  -0.00 a    0.00

   0.00 a   25.68

  25.68 a   51.36

  51.36 a   77.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata

-148.56 a  -99.04

 -99.04 a  -49.52

 -49.52 a   -0.00

  -0.00 a    0.00

   0.00 a   37.16

  37.16 a   74.31

  74.31 a  111.47

 111.47 a  148.62

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata
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 -63.87 a  -51.09

 -51.09 a  -38.32

 -38.32 a  -25.55

 -25.55 a  -12.77

 -12.77 a   -0.00

  -0.00 a    0.00

   0.00 a    9.27

   9.27 a   18.54

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata

  -9.85 a   -8.20

  -8.20 a   -6.56

  -6.56 a   -4.92

  -4.92 a   -3.28

  -3.28 a   -1.64

  -1.64 a   -0.00

  -0.00 a    0.00

   0.00 a    0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata
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  -7.40 a   -6.16

  -6.16 a   -4.93

  -4.93 a   -3.70

  -3.70 a   -2.47

  -2.47 a   -1.23

  -1.23 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata

 -20.19 a  -16.83

 -16.83 a  -13.46

 -13.46 a  -10.10

 -10.10 a   -6.73

  -6.73 a   -3.37

  -3.37 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata
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 -22.91 a  -19.10

 -19.10 a  -15.28

 -15.28 a  -11.46

 -11.46 a   -7.64

  -7.64 a   -3.82

  -3.82 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata

 -20.52 a  -17.10

 -17.10 a  -13.68

 -13.68 a  -10.26

 -10.26 a   -6.84

  -6.84 a   -3.42

  -3.42 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata
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  -9.10 a   -7.58

  -7.58 a   -6.07

  -6.07 a   -4.55

  -4.55 a   -3.03

  -3.03 a   -1.52

  -1.52 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata

  -1.26 a   -1.05

  -1.05 a   -0.84

  -0.84 a   -0.63

  -0.63 a   -0.42

  -0.42 a   -0.21

  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata
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  -1.67 a   -1.39

  -1.39 a   -1.11

  -1.11 a   -0.84

  -0.84 a   -0.56

  -0.56 a   -0.28

  -0.28 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata

  -0.04 a   -0.03

  -0.03 a   -0.01

  -0.01 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.05

   0.05 a    0.07

   0.07 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata
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  -1.43 a   -1.20

  -1.20 a   -0.96

  -0.96 a   -0.72

  -0.72 a   -0.48

  -0.48 a   -0.24

  -0.24 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata

  -2.37 a   -1.98

  -1.98 a   -1.58

  -1.58 a   -1.19

  -1.19 a   -0.79

  -0.79 a   -0.40

  -0.40 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata
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  -2.52 a   -2.10

  -2.10 a   -1.68

  -1.68 a   -1.26

  -1.26 a   -0.84

  -0.84 a   -0.42

  -0.42 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata

 -13.04 a  -10.43

 -10.43 a   -7.82

  -7.82 a   -5.22

  -5.22 a   -2.61

  -2.61 a   -0.00

  -0.00 a    0.00

   0.00 a    1.63

   1.63 a    3.26

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata
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 -14.94 a  -11.95

 -11.95 a   -8.97

  -8.97 a   -5.98

  -5.98 a   -2.99

  -2.99 a   -0.00

  -0.00 a    0.00

   0.00 a    1.49

   1.49 a    2.99

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata

  -1.36 a   -0.68

  -0.68 a   -0.00

  -0.00 a    0.00

   0.00 a    1.47

   1.47 a    2.94

   2.94 a    4.41

   4.41 a    5.87

   5.87 a    7.34

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 41 DE 472 

 

 

  
  

 
  
  
 

  -0.31 a   -0.00

  -0.00 a    0.00

   0.00 a    4.71

   4.71 a    9.41

   9.41 a   14.12

  14.12 a   18.83

  18.83 a   23.54

  23.54 a   28.24

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata

 -15.94 a  -10.63

 -10.63 a   -5.31

  -5.31 a   -0.00

  -0.00 a    0.00

   0.00 a    3.93

   3.93 a    7.85

   7.85 a   11.78

  11.78 a   15.70

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata
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 -24.77 a  -16.51

 -16.51 a   -8.26

  -8.26 a   -0.00

  -0.00 a    0.00

   0.00 a    5.36

   5.36 a   10.71

  10.71 a   16.07

  16.07 a   21.42

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata

  -1.13 a   -0.90

  -0.90 a   -0.68

  -0.68 a   -0.45

  -0.45 a   -0.23

  -0.23 a   -0.00

  -0.00 a    0.00

   0.00 a    0.14

   0.14 a    0.28

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje longitudinal 

Zapata
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  -1.31 a   -1.05

  -1.05 a   -0.79

  -0.79 a   -0.52

  -0.52 a   -0.26

  -0.26 a   -0.00

  -0.00 a    0.00

   0.00 a    0.13

   0.13 a    0.27

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje trans v ers al

Zapata

  -0.14 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.13

   0.13 a    0.25

   0.25 a    0.38

   0.38 a    0.50

   0.50 a    0.63

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje trans v ers al (armado longitudina l)

Zapata
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  -0.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.40

   0.40 a    0.80

   0.80 a    1.19

   1.19 a    1.59

   1.59 a    1.99

   1.99 a    2.39

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje longitudinal (armado trans v ers a l)

Zapata

  -1.37 a   -0.92

  -0.92 a   -0.46

  -0.46 a   -0.00

  -0.00 a    0.00

   0.00 a    0.30

   0.30 a    0.61

   0.61 a    0.91

   0.91 a    1.22

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je longitudinal 

Zapata
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  -2.12 a   -1.41

  -1.41 a   -0.71

  -0.71 a   -0.00

  -0.00 a    0.00

   0.00 a    0.46

   0.46 a    0.91

   0.91 a    1.37

   1.37 a    1.82

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je trans v ers al

Zapata

  -3.38 a   -2.82

  -2.82 a   -2.25

  -2.25 a   -1.69

  -1.69 a   -1.13

  -1.13 a   -0.56

  -0.56 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje longitudinal 

Zapata
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  -3.89 a   -3.25

  -3.25 a   -2.60

  -2.60 a   -1.95

  -1.95 a   -1.30

  -1.30 a   -0.65

  -0.65 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje trans v ers al

Zapata

  -0.39 a   -0.31

  -0.31 a   -0.23

  -0.23 a   -0.16

  -0.16 a   -0.08

  -0.08 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje trans v ers al (armado longitudina l)

Zapata
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  -0.09 a   -0.06

  -0.06 a   -0.03

  -0.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.05

   0.05 a    0.07

   0.07 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje longitudinal (armado trans v ers a l)

Zapata

  -4.12 a   -3.43

  -3.43 a   -2.75

  -2.75 a   -2.06

  -2.06 a   -1.37

  -1.37 a   -0.69

  -0.69 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je longitudinal 

Zapata
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  -6.38 a   -5.31

  -5.31 a   -4.25

  -4.25 a   -3.19

  -3.19 a   -2.13

  -2.13 a   -1.06

  -1.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je trans v ers al

Zapata

  -8.80 a   -7.33

  -7.33 a   -5.87

  -5.87 a   -4.40

  -4.40 a   -2.93

  -2.93 a   -1.47

  -1.47 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje longitudinal mín imo

Zapata
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  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    1.47

   1.47 a    2.93

   2.93 a    4.40

   4.40 a    5.87

   5.87 a    7.33

   7.33 a    8.80

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje longitudinal máx imo

Zapata

  -9.55 a   -7.96

  -7.96 a   -6.37

  -6.37 a   -4.77

  -4.77 a   -3.18

  -3.18 a   -1.59

  -1.59 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje trans v ers al mínimo

Zapata
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  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    1.59

   1.59 a    3.18

   3.18 a    4.77

   4.77 a    6.37

   6.37 a    7.96

   7.96 a    9.55

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje trans v ers al máx imo

Zapata

  -5.17 a   -4.31

  -4.31 a   -3.45

  -3.45 a   -2.59

  -2.59 a   -1.72

  -1.72 a   -0.86

  -0.86 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje trans v ers al mínimo (armado longitudinal)

Zapata
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  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.86

   0.86 a    1.72

   1.72 a    2.59

   2.59 a    3.45

   3.45 a    4.31

   4.31 a    5.17

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje trans v ers al máx imo (armado longitudinal)

Zapata

 -20.58 a  -17.15

 -17.15 a  -13.72

 -13.72 a  -10.29

 -10.29 a   -6.86

  -6.86 a   -3.43

  -3.43 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje longitudinal mínimo (armado trans v ers al)

Zapata
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  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    3.43

   3.43 a    6.86

   6.86 a   10.29

  10.29 a   13.72

  13.72 a   17.15

  17.15 a   20.58

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje longitudinal máx imo (armado trans v ers al)

Zapata

 -13.56 a  -11.30

 -11.30 a   -9.04

  -9.04 a   -6.78

  -6.78 a   -4.52

  -4.52 a   -2.26

  -2.26 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je longitudinal mínimo

Zapata
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  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    2.26

   2.26 a    4.52

   4.52 a    6.78

   6.78 a    9.04

   9.04 a   11.30

  11.30 a   13.56

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je longitudinal máx imo

Zapata

 -21.57 a  -17.98

 -17.98 a  -14.38

 -14.38 a  -10.79

 -10.79 a   -7.19

  -7.19 a   -3.60

  -3.60 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je trans v ers al mínimo

Zapata
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  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    3.60

   3.60 a    7.19

   7.19 a   10.79

  10.79 a   14.38

  14.38 a   17.98

  17.98 a   21.57

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je trans v ers al máx imo

Zapata

 -23.25 a  -20.34

 -20.34 a  -17.44

 -17.44 a  -14.53

 -14.53 a  -11.63

 -11.63 a   -8.72

  -8.72 a   -5.81

  -5.81 a   -2.91

  -2.91 a   -0.00

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje longitudinal 

Zapata
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 -46.79 a  -38.99

 -38.99 a  -31.20

 -31.20 a  -23.40

 -23.40 a  -15.60

 -15.60 a   -7.80

  -7.80 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje trans v ers al

Zapata

 -19.87 a  -17.39

 -17.39 a  -14.91

 -14.91 a  -12.43

 -12.43 a   -9.95

  -9.95 a   -7.47

  -7.47 a   -4.99

  -4.99 a   -2.50

  -2.50 a   -0.02

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje trans v ers al (armado longitudina l)

Zapata
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 -72.18 a  -60.15

 -60.15 a  -48.12

 -48.12 a  -36.09

 -36.09 a  -24.06

 -24.06 a  -12.03

 -12.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje longitudinal (armado trans v ers a l)

Zapata

 -50.24 a  -41.87

 -41.87 a  -33.50

 -33.50 a  -25.12

 -25.12 a  -16.75

 -16.75 a   -8.37

  -8.37 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je longitudinal 

Zapata
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3.2    Muro frontal 
 
  

 
  
  
 

 -74.34 a  -61.95

 -61.95 a  -49.56

 -49.56 a  -37.17

 -37.17 a  -24.78

 -24.78 a  -12.39

 -12.39 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je trans v ers al

Zapata

 -61.72 a  -41.15

 -41.15 a  -20.57

 -20.57 a   -0.00

  -0.00 a    0.00

   0.00 a   10.96

  10.96 a   21.93

  21.93 a   32.89

  32.89 a   43.86

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje hor iz ontal

Muro frontal
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  -0.23 a   -0.00

  -0.00 a    0.00

   0.00 a   24.80

  24.80 a   49.60

  49.60 a   74.40

  74.40 a   99.20

  99.20 a  124.00

 124.00 a  148.80

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje v er tic al

Muro frontal

 -20.36 a  -15.27

 -15.27 a  -10.18

 -10.18 a   -5.09

  -5.09 a   -0.00

  -0.00 a    0.00

   0.00 a    2.76

   2.76 a    5.52

   5.52 a    8.27

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal
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 -37.62 a  -25.08

 -25.08 a  -12.54

 -12.54 a   -0.00

  -0.00 a    0.00

   0.00 a    5.81

   5.81 a   11.63

  11.63 a   17.44

  17.44 a   23.26

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal

 -21.84 a  -14.56

 -14.56 a   -7.28

  -7.28 a   -0.00

  -0.00 a    0.00

   0.00 a    5.46

   5.46 a   10.92

  10.92 a   16.38

  16.38 a   21.84

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je hor iz ontal

Muro frontal
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  -6.86 a   -3.43

  -3.43 a   -0.00

  -0.00 a    0.00

   0.00 a    8.04

   8.04 a   16.09

  16.09 a   24.13

  24.13 a   32.17

  32.17 a   40.22

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je v er tic al

Muro frontal

 -26.33 a  -17.56

 -17.56 a   -8.78

  -8.78 a   -0.00

  -0.00 a    0.00

   0.00 a   10.07

  10.07 a   20.14

  20.14 a   30.21

  30.21 a   40.28

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal
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  -8.07 a   -4.04

  -4.04 a   -0.00

  -0.00 a    0.00

   0.00 a    7.08

   7.08 a   14.16

  14.16 a   21.25

  21.25 a   28.33

  28.33 a   35.41

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal

  -5.01 a   -3.34

  -3.34 a   -1.67

  -1.67 a   -0.00

  -0.00 a    0.00

   0.00 a    3.06

   3.06 a    6.11

   6.11 a    9.17

   9.17 a   12.22

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal
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  -4.81 a   -3.21

  -3.21 a   -1.60

  -1.60 a   -0.00

  -0.00 a    0.00

   0.00 a    2.41

   2.41 a    4.81

   4.81 a    7.22

   7.22 a    9.62

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal

 -14.29 a   -9.53

  -9.53 a   -4.76

  -4.76 a   -0.00

  -0.00 a    0.00

   0.00 a    3.57

   3.57 a    7.14

   7.14 a   10.71

  10.71 a   14.28

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal
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  -1.86 a   -0.93

  -0.93 a   -0.00

  -0.00 a    0.00

   0.00 a    1.75

   1.75 a    3.50

   3.50 a    5.25

   5.25 a    7.00

   7.00 a    8.75

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal

-190.23 a -158.52

-158.52 a -126.82

-126.82 a  -95.11

 -95.11 a  -63.41

 -63.41 a  -31.70

 -31.70 a   -0.00

  -0.00 a    0.00

   0.00 a   23.58

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal
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  -5.11 a   -0.00

  -0.00 a    0.00

   0.00 a   11.20

  11.20 a   22.40

  22.40 a   33.60

  33.60 a   44.80

  44.80 a   56.00

  56.00 a   67.20

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal

 -52.74 a  -35.16

 -35.16 a  -17.58

 -17.58 a   -0.00

  -0.00 a    0.00

   0.00 a   10.37

  10.37 a   20.74

  20.74 a   31.11

  31.11 a   41.48

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal
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 -40.61 a  -20.30

 -20.30 a   -0.00

  -0.00 a    0.00

   0.00 a   27.85

  27.85 a   55.71

  55.71 a   83.56

  83.56 a  111.42

 111.42 a  139.27

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal

-137.57 a  -91.71

 -91.71 a  -45.86

 -45.86 a   -0.00

  -0.00 a    0.00

   0.00 a   33.61

  33.61 a   67.23

  67.23 a  100.84

 100.84 a  134.46

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal
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 -54.74 a  -36.49

 -36.49 a  -18.25

 -18.25 a   -0.00

  -0.00 a    0.00

   0.00 a   26.31

  26.31 a   52.62

  52.62 a   78.93

  78.93 a  105.24

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal

 -22.53 a  -19.31

 -19.31 a  -16.09

 -16.09 a  -12.88

 -12.88 a   -9.66

  -9.66 a   -6.44

  -6.44 a   -3.22

  -3.22 a   -0.00

  -0.00 a    0.00

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal
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  -0.80 a   -0.67

  -0.67 a   -0.54

  -0.54 a   -0.40

  -0.40 a   -0.27

  -0.27 a   -0.13

  -0.13 a   -0.00

  -0.00 a    0.00

   0.00 a    0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal

  -5.80 a   -4.97

  -4.97 a   -4.14

  -4.14 a   -3.31

  -3.31 a   -2.48

  -2.48 a   -1.66

  -1.66 a   -0.83

  -0.83 a   -0.00

  -0.00 a    0.00

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal
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  -5.42 a   -4.52

  -4.52 a   -3.62

  -3.62 a   -2.71

  -2.71 a   -1.81

  -1.81 a   -0.90

  -0.90 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal

 -17.19 a  -14.33

 -14.33 a  -11.46

 -11.46 a   -8.60

  -8.60 a   -5.73

  -5.73 a   -2.87

  -2.87 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal
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  -6.68 a   -5.56

  -5.56 a   -4.45

  -4.45 a   -3.34

  -3.34 a   -2.23

  -2.23 a   -1.11

  -1.11 a   -0.00

  -0.00 a    0.00

   0.00 a    0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal

  -3.30 a   -2.75

  -2.75 a   -2.20

  -2.20 a   -1.65

  -1.65 a   -1.10

  -1.10 a   -0.55

  -0.55 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal
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  -1.08 a   -0.90

  -0.90 a   -0.72

  -0.72 a   -0.54

  -0.54 a   -0.36

  -0.36 a   -0.18

  -0.18 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal

  -0.41 a   -0.34

  -0.34 a   -0.28

  -0.28 a   -0.21

  -0.21 a   -0.14

  -0.14 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal
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  -0.04 a   -0.03

  -0.03 a   -0.01

  -0.01 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.05

   0.05 a    0.07

   0.07 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal

  -1.83 a   -1.52

  -1.52 a   -1.22

  -1.22 a   -0.91

  -0.91 a   -0.61

  -0.61 a   -0.30

  -0.30 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
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  -0.03 a   -0.01

  -0.01 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.04

   0.04 a    0.06

   0.06 a    0.08

   0.08 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal

 -30.13 a  -15.07

 -15.07 a   -0.00

  -0.00 a    0.00

   0.00 a   22.68

  22.68 a   45.35

  45.35 a   68.03

  68.03 a   90.70

  90.70 a  113.38

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal
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 -12.63 a   -0.00

  -0.00 a    0.00

   0.00 a   40.45

  40.45 a   80.90

  80.90 a  121.36

 121.36 a  161.81

 161.81 a  202.26

 202.26 a  242.71

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal

  -1.81 a   -0.00

  -0.00 a    0.00

   0.00 a    2.40

   2.40 a    4.79

   4.79 a    7.19

   7.19 a    9.58

   9.58 a   11.98

  11.98 a   14.37

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal
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 -24.11 a  -19.29

 -19.29 a  -14.46

 -14.46 a   -9.64

  -9.64 a   -4.82

  -4.82 a   -0.00

  -0.00 a    0.00

   0.00 a    3.83

   3.83 a    7.66

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal

 -21.26 a  -14.17

 -14.17 a   -7.09

  -7.09 a   -0.00

  -0.00 a    0.00

   0.00 a    5.18

   5.18 a   10.35

  10.35 a   15.53

  15.53 a   20.70

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal
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  -4.81 a   -2.40

  -2.40 a   -0.00

  -0.00 a    0.00

   0.00 a    5.05

   5.05 a   10.10

  10.10 a   15.15

  15.15 a   20.19

  20.19 a   25.24

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal

  -2.61 a   -1.31

  -1.31 a   -0.00

  -0.00 a    0.00

   0.00 a    1.95

   1.95 a    3.91

   3.91 a    5.86

   5.86 a    7.81

   7.81 a    9.77

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje hor iz ontal

Muro frontal
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  -1.13 a   -0.00

  -0.00 a    0.00

   0.00 a    3.47

   3.47 a    6.94

   6.94 a   10.41

  10.41 a   13.88

  13.88 a   17.35

  17.35 a   20.82

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje v er tic al

Muro frontal

  -0.15 a   -0.00

  -0.00 a    0.00

   0.00 a    0.21

   0.21 a    0.41

   0.41 a    0.62

   0.62 a    0.82

   0.82 a    1.03

   1.03 a    1.23

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje trans v ers al (armado longitudina l)

Muro frontal
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  -2.06 a   -1.65

  -1.65 a   -1.24

  -1.24 a   -0.83

  -0.83 a   -0.41

  -0.41 a   -0.00

  -0.00 a    0.00

   0.00 a    0.32

   0.32 a    0.64

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal

  -1.90 a   -1.27

  -1.27 a   -0.63

  -0.63 a   -0.00

  -0.00 a    0.00

   0.00 a    0.38

   0.38 a    0.77

   0.77 a    1.15

   1.15 a    1.53

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je hor iz ontal

Muro frontal
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  -0.42 a   -0.21

  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.44

   0.44 a    0.88

   0.88 a    1.32

   1.32 a    1.76

   1.76 a    2.20

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je v er tic al

Muro frontal

  -7.82 a   -6.51

  -6.51 a   -5.21

  -5.21 a   -3.91

  -3.91 a   -2.61

  -2.61 a   -1.30

  -1.30 a   -0.00

  -0.00 a    0.00

   0.00 a    0.06

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje hor iz ontal

Muro frontal
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  -3.32 a   -2.77

  -2.77 a   -2.21

  -2.21 a   -1.66

  -1.66 a   -1.11

  -1.11 a   -0.55

  -0.55 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje v er tic al

Muro frontal

  -0.46 a   -0.37

  -0.37 a   -0.27

  -0.27 a   -0.18

  -0.18 a   -0.09

  -0.09 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal
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  -6.21 a   -5.18

  -5.18 a   -4.14

  -4.14 a   -3.11

  -3.11 a   -2.07

  -2.07 a   -1.04

  -1.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal

  -5.60 a   -4.67

  -4.67 a   -3.73

  -3.73 a   -2.80

  -2.80 a   -1.87

  -1.87 a   -0.93

  -0.93 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je hor iz ontal

Muro frontal
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  -1.25 a   -1.04

  -1.04 a   -0.83

  -0.83 a   -0.62

  -0.62 a   -0.42

  -0.42 a   -0.21

  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je v er tic al

Muro frontal

 -61.60 a  -51.34

 -51.34 a  -41.07

 -41.07 a  -30.80

 -30.80 a  -20.53

 -20.53 a  -10.27

 -10.27 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal mínimo

Muro frontal
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  -0.00 a    0.00

   0.00 a    8.80

   8.80 a   17.60

  17.60 a   26.40

  26.40 a   35.20

  35.20 a   44.00

  44.00 a   52.80

  52.80 a   61.60

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal máx imo

Muro frontal

-167.09 a -139.24

-139.24 a -111.39

-111.39 a  -83.55

 -83.55 a  -55.70

 -55.70 a  -27.85

 -27.85 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al mínimo

Muro frontal
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  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a   27.85

  27.85 a   55.70

  55.70 a   83.55

  83.55 a  111.39

 111.39 a  139.24

 139.24 a  167.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al máx imo

Muro frontal

  -9.92 a   -8.27

  -8.27 a   -6.61

  -6.61 a   -4.96

  -4.96 a   -3.31

  -3.31 a   -1.65

  -1.65 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Muro frontal
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  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    1.65

   1.65 a    3.31

   3.31 a    4.96

   4.96 a    6.61

   6.61 a    8.27

   8.27 a    9.92

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Muro frontal

 -18.36 a  -15.30

 -15.30 a  -12.24

 -12.24 a   -9.18

  -9.18 a   -6.12

  -6.12 a   -3.06

  -3.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Muro frontal
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  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    3.06

   3.06 a    6.12

   6.12 a    9.18

   9.18 a   12.24

  12.24 a   15.30

  15.30 a   18.36

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Muro frontal

  -4.02 a   -3.35

  -3.35 a   -2.68

  -2.68 a   -2.01

  -2.01 a   -1.34

  -1.34 a   -0.67

  -0.67 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal mínimo

Muro frontal
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  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.67

   0.67 a    1.34

   1.34 a    2.01

   2.01 a    2.68

   2.68 a    3.35

   3.35 a    4.02

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal máx imo

Muro frontal

 -15.84 a  -13.20

 -13.20 a  -10.56

 -10.56 a   -7.92

  -7.92 a   -5.28

  -5.28 a   -2.64

  -2.64 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al mínimo

Muro frontal
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  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    2.64

   2.64 a    5.28

   5.28 a    7.92

   7.92 a   10.56

  10.56 a   13.20

  13.20 a   15.84

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al máx imo

Muro frontal

-198.34 a -173.64

-173.64 a -148.94

-148.94 a -124.24

-124.24 a  -99.54

 -99.54 a  -74.84

 -74.84 a  -50.14

 -50.14 a  -25.43

 -25.43 a   -0.73

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje hor iz ontal

Muro frontal
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-352.38 a -293.65

-293.65 a -234.92

-234.92 a -176.19

-176.19 a -117.46

-117.46 a  -58.73

 -58.73 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje v er tic al

Muro frontal

 -44.82 a  -37.35

 -37.35 a  -29.88

 -29.88 a  -22.41

 -22.41 a  -14.94

 -14.94 a   -7.47

  -7.47 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal
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 -41.70 a  -34.75

 -34.75 a  -27.80

 -27.80 a  -20.85

 -20.85 a  -13.90

 -13.90 a   -6.95

  -6.95 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal

 -59.71 a  -49.76

 -49.76 a  -39.81

 -39.81 a  -29.85

 -29.85 a  -19.90

 -19.90 a   -9.95

  -9.95 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je hor iz ontal

Muro frontal
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3.3    Aleta 1 
 
  

 
  
  
 

 -71.37 a  -59.48

 -59.48 a  -47.58

 -47.58 a  -35.69

 -35.69 a  -23.79

 -23.79 a  -11.90

 -11.90 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je v er tic al

Muro frontal

  -4.60 a   -2.30

  -2.30 a   -0.00

  -0.00 a    0.00

   0.00 a    2.88

   2.88 a    5.77

   5.77 a    8.65

   8.65 a   11.53

  11.53 a   14.42

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje hor iz ontal

Aleta 1
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  -0.57 a   -0.00

  -0.00 a    0.00

   0.00 a   16.50

  16.50 a   33.00

  33.00 a   49.50

  49.50 a   66.00

  66.00 a   82.49

  82.49 a   98.99

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje v er tic al

Aleta 1

  -2.01 a   -1.01

  -1.01 a   -0.00

  -0.00 a    0.00

   0.00 a    1.57

   1.57 a    3.14

   3.14 a    4.71

   4.71 a    6.28

   6.28 a    7.84

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 92 DE 472 

 

 

  
  

 
  
  
 

  -7.75 a   -6.20

  -6.20 a   -4.65

  -4.65 a   -3.10

  -3.10 a   -1.55

  -1.55 a   -0.00

  -0.00 a    0.00

   0.00 a    1.21

   1.21 a    2.41

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1

 -22.17 a  -18.48

 -18.48 a  -14.78

 -14.78 a  -11.09

 -11.09 a   -7.39

  -7.39 a   -3.70

  -3.70 a   -0.00

  -0.00 a    0.00

   0.00 a    3.11

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je hor iz ontal

Aleta 1
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  -9.42 a   -7.53

  -7.53 a   -5.65

  -5.65 a   -3.77

  -3.77 a   -1.88

  -1.88 a   -0.00

  -0.00 a    0.00

   0.00 a    0.83

   0.83 a    1.65

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je v er tic al

Aleta 1

  -2.50 a   -1.67

  -1.67 a   -0.83

  -0.83 a   -0.00

  -0.00 a    0.00

   0.00 a    1.28

   1.28 a    2.56

   2.56 a    3.85

   3.85 a    5.13

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1
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  -1.84 a   -0.00

  -0.00 a    0.00

   0.00 a    2.34

   2.34 a    4.68

   4.68 a    7.02

   7.02 a    9.36

   9.36 a   11.70

  11.70 a   14.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1

  -4.80 a   -3.84

  -3.84 a   -2.88

  -2.88 a   -1.92

  -1.92 a   -0.96

  -0.96 a   -0.00

  -0.00 a    0.00

   0.00 a    0.54

   0.54 a    1.08

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1
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  -2.22 a   -1.48

  -1.48 a   -0.74

  -0.74 a   -0.00

  -0.00 a    0.00

   0.00 a    1.06

   1.06 a    2.13

   2.13 a    3.19

   3.19 a    4.26

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1

  -2.81 a   -1.40

  -1.40 a   -0.00

  -0.00 a    0.00

   0.00 a    2.97

   2.97 a    5.93

   5.93 a    8.90

   8.90 a   11.87

  11.87 a   14.83

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1
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  -1.88 a   -0.94

  -0.94 a   -0.00

  -0.00 a    0.00

   0.00 a    1.36

   1.36 a    2.73

   2.73 a    4.09

   4.09 a    5.45

   5.45 a    6.82

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1

 -63.40 a  -47.55

 -47.55 a  -31.70

 -31.70 a  -15.85

 -15.85 a   -0.00

  -0.00 a    0.00

   0.00 a   12.31

  12.31 a   24.62

  24.62 a   36.94

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1
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-179.29 a -149.41

-149.41 a -119.53

-119.53 a  -89.65

 -89.65 a  -59.76

 -59.76 a  -29.88

 -29.88 a   -0.00

  -0.00 a    0.00

   0.00 a    6.48

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1

  -3.75 a   -0.00

  -0.00 a    0.00

   0.00 a    7.95

   7.95 a   15.90

  15.90 a   23.86

  23.86 a   31.81

  31.81 a   39.76

  39.76 a   47.71

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1
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 -17.28 a   -8.64

  -8.64 a   -0.00

  -0.00 a    0.00

   0.00 a   14.26

  14.26 a   28.52

  28.52 a   42.78

  42.78 a   57.04

  57.04 a   71.30

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1

 -74.52 a  -55.89

 -55.89 a  -37.26

 -37.26 a  -18.63

 -18.63 a   -0.00

  -0.00 a    0.00

   0.00 a    9.80

   9.80 a   19.60

  19.60 a   29.40

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1
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 -86.01 a  -57.34

 -57.34 a  -28.67

 -28.67 a   -0.00

  -0.00 a    0.00

   0.00 a   26.75

  26.75 a   53.50

  53.50 a   80.25

  80.25 a  107.00

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1

  -7.60 a   -6.33

  -6.33 a   -5.07

  -5.07 a   -3.80

  -3.80 a   -2.53

  -2.53 a   -1.27

  -1.27 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 100 DE 472 

 

 

  
  

 
  
  
 

 -23.47 a  -19.56

 -19.56 a  -15.65

 -15.65 a  -11.74

 -11.74 a   -7.82

  -7.82 a   -3.91

  -3.91 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1

  -0.34 a   -0.28

  -0.28 a   -0.23

  -0.23 a   -0.17

  -0.17 a   -0.11

  -0.11 a   -0.06

  -0.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.00

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 101 DE 472 

 

 

  
  

 
  
  
 

  -1.28 a   -1.07

  -1.07 a   -0.85

  -0.85 a   -0.64

  -0.64 a   -0.43

  -0.43 a   -0.21

  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1

  -6.86 a   -5.72

  -5.72 a   -4.58

  -4.58 a   -3.43

  -3.43 a   -2.29

  -2.29 a   -1.14

  -1.14 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 102 DE 472 

 

 

  
  

 
  
  
 

  -9.48 a   -8.12

  -8.12 a   -6.77

  -6.77 a   -5.42

  -5.42 a   -4.06

  -4.06 a   -2.71

  -2.71 a   -1.35

  -1.35 a   -0.00

  -0.00 a    0.00

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1

  -0.19 a   -0.14

  -0.14 a   -0.09

  -0.09 a   -0.05

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.05

   0.05 a    0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 103 DE 472 

 

 

  
  

 
  
  
 

  -0.17 a   -0.13

  -0.13 a   -0.09

  -0.09 a   -0.04

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.07

   0.07 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1

  -0.48 a   -0.38

  -0.38 a   -0.29

  -0.29 a   -0.19

  -0.19 a   -0.10

  -0.10 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 104 DE 472 

 

 

  
  

 
  
  
 

  -0.24 a   -0.19

  -0.19 a   -0.14

  -0.14 a   -0.10

  -0.10 a   -0.05

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.07

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1

  -0.34 a   -0.28

  -0.28 a   -0.21

  -0.21 a   -0.14

  -0.14 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

   0.04 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 105 DE 472 

 

 

  
  

 
  
  
 

  -0.21 a   -0.16

  -0.16 a   -0.10

  -0.10 a   -0.05

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1

  -1.03 a   -0.00

  -0.00 a    0.00

   0.00 a    1.69

   1.69 a    3.37

   3.37 a    5.06

   5.06 a    6.74

   6.74 a    8.43

   8.43 a   10.11

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 106 DE 472 

 

 

  
  

 
  
  
 

  -1.82 a   -0.00

  -0.00 a    0.00

   0.00 a    2.85

   2.85 a    5.70

   5.70 a    8.55

   8.55 a   11.39

  11.39 a   14.24

  14.24 a   17.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1

  -0.77 a   -0.58

  -0.58 a   -0.38

  -0.38 a   -0.19

  -0.19 a   -0.00

  -0.00 a    0.00

   0.00 a    0.15

   0.15 a    0.30

   0.30 a    0.45

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 107 DE 472 

 

 

  
  

 
  
  
 

  -1.44 a   -0.96

  -0.96 a   -0.48

  -0.48 a   -0.00

  -0.00 a    0.00

   0.00 a    0.23

   0.23 a    0.45

   0.45 a    0.68

   0.68 a    0.90

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1

  -3.03 a   -2.28

  -2.28 a   -1.52

  -1.52 a   -0.76

  -0.76 a   -0.00

  -0.00 a    0.00

   0.00 a    0.42

   0.42 a    0.84

   0.84 a    1.27

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 108 DE 472 

 

 

  
  

 
  
  
 

  -1.43 a   -0.95

  -0.95 a   -0.48

  -0.48 a   -0.00

  -0.00 a    0.00

   0.00 a    0.56

   0.56 a    1.12

   1.12 a    1.67

   1.67 a    2.23

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1

  -0.09 a   -0.00

  -0.00 a    0.00

   0.00 a    0.15

   0.15 a    0.29

   0.29 a    0.44

   0.44 a    0.58

   0.58 a    0.73

   0.73 a    0.88

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 109 DE 472 

 

 

  
  

 
  
  
 

  -0.16 a   -0.00

  -0.00 a    0.00

   0.00 a    0.25

   0.25 a    0.49

   0.49 a    0.74

   0.74 a    0.99

   0.99 a    1.23

   1.23 a    1.48

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje v er tic al

Aleta 1

  -0.07 a   -0.05

  -0.05 a   -0.04

  -0.04 a   -0.02

  -0.02 a   -0.00

  -0.00 a    0.00

   0.00 a    0.01

   0.01 a    0.03

   0.03 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje trans v ers al (armado longitudina l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 110 DE 472 

 

 

  
  

 
  
  
 

  -0.13 a   -0.09

  -0.09 a   -0.04

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.04

   0.04 a    0.06

   0.06 a    0.08

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1

  -0.27 a   -0.21

  -0.21 a   -0.14

  -0.14 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

   0.04 a    0.09

   0.09 a    0.13

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 111 DE 472 

 

 

  
  

 
  
  
 

  -0.13 a   -0.09

  -0.09 a   -0.04

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.10

   0.10 a    0.15

   0.15 a    0.20

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je v er tic al

Aleta 1

  -0.27 a   -0.20

  -0.20 a   -0.13

  -0.13 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 112 DE 472 

 

 

  
  

 
  
  
 

  -0.47 a   -0.39

  -0.39 a   -0.32

  -0.32 a   -0.24

  -0.24 a   -0.16

  -0.16 a   -0.08

  -0.08 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje v er tic al

Aleta 1

  -0.21 a   -0.17

  -0.17 a   -0.12

  -0.12 a   -0.08

  -0.08 a   -0.04

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.03

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 113 DE 472 

 

 

  
  

 
  
  
 

  -0.38 a   -0.30

  -0.30 a   -0.23

  -0.23 a   -0.15

  -0.15 a   -0.08

  -0.08 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1

  -0.80 a   -0.67

  -0.67 a   -0.54

  -0.54 a   -0.40

  -0.40 a   -0.27

  -0.27 a   -0.13

  -0.13 a   -0.00

  -0.00 a    0.00

   0.00 a    0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 114 DE 472 

 

 

  
  

 
  
  
 

  -0.38 a   -0.30

  -0.30 a   -0.23

  -0.23 a   -0.15

  -0.15 a   -0.08

  -0.08 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

   0.04 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je v er tic al

Aleta 1

  -6.93 a   -5.78

  -5.78 a   -4.62

  -4.62 a   -3.47

  -3.47 a   -2.31

  -2.31 a   -1.16

  -1.16 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal mínimo

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 115 DE 472 

 

 

  
  

 
  
  
 

  -0.02 a   -0.00

  -0.00 a    0.00

   0.00 a    1.16

   1.16 a    2.31

   2.31 a    3.47

   3.47 a    4.62

   4.62 a    5.78

   5.78 a    6.93

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal máx imo

Aleta 1

 -13.99 a  -11.66

 -11.66 a   -9.33

  -9.33 a   -7.00

  -7.00 a   -4.66

  -4.66 a   -2.33

  -2.33 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al mínimo

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 116 DE 472 

 

 

  
  

 
  
  
 

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    2.33

   2.33 a    4.66

   4.66 a    7.00

   7.00 a    9.33

   9.33 a   11.66

  11.66 a   13.99

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al máx imo

Aleta 1

  -0.36 a   -0.30

  -0.30 a   -0.24

  -0.24 a   -0.18

  -0.18 a   -0.12

  -0.12 a   -0.06

  -0.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 117 DE 472 

 

 

  
  

 
  
  
 

  -0.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.06

   0.06 a    0.12

   0.12 a    0.18

   0.18 a    0.24

   0.24 a    0.30

   0.30 a    0.36

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 1

  -0.63 a   -0.52

  -0.52 a   -0.42

  -0.42 a   -0.31

  -0.31 a   -0.21

  -0.21 a   -0.10

  -0.10 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 118 DE 472 

 

 

  
  

 
  
  
 

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

   0.10 a    0.21

   0.21 a    0.31

   0.31 a    0.42

   0.42 a    0.52

   0.52 a    0.63

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 1

  -1.48 a   -1.23

  -1.23 a   -0.99

  -0.99 a   -0.74

  -0.74 a   -0.49

  -0.49 a   -0.25

  -0.25 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal mínimo

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 119 DE 472 

 

 

  
  

 
  
  
 

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.25

   0.25 a    0.49

   0.49 a    0.74

   0.74 a    0.99

   0.99 a    1.23

   1.23 a    1.48

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal máx imo

Aleta 1

  -0.77 a   -0.64

  -0.64 a   -0.51

  -0.51 a   -0.38

  -0.38 a   -0.26

  -0.26 a   -0.13

  -0.13 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al mínimo

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 120 DE 472 

 

 

  
  

 
  
  
 

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.13

   0.13 a    0.26

   0.26 a    0.38

   0.38 a    0.51

   0.51 a    0.64

   0.64 a    0.77

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al máx imo

Aleta 1

 -32.18 a  -28.16

 -28.16 a  -24.13

 -24.13 a  -20.11

 -20.11 a  -16.09

 -16.09 a  -12.07

 -12.07 a   -8.05

  -8.05 a   -4.03

  -4.03 a   -0.01

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 121 DE 472 

 

 

  
  

 
  
  
 

 -58.32 a  -48.60

 -48.60 a  -38.88

 -38.88 a  -29.16

 -29.16 a  -19.44

 -19.44 a   -9.72

  -9.72 a   -0.00

  -0.00 a    0.00

   0.00 a    0.00

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje v er tic al

Aleta 1

  -6.72 a   -5.60

  -5.60 a   -4.48

  -4.48 a   -3.36

  -3.36 a   -2.24

  -2.24 a   -1.12

  -1.12 a   -0.00

  -0.00 a    0.00

   0.00 a    0.01

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 122 DE 472 

 

 

  
  

 
  
  
 

  -8.09 a   -6.74

  -6.74 a   -5.39

  -5.39 a   -4.04

  -4.04 a   -2.70

  -2.70 a   -1.35

  -1.35 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1

 -19.48 a  -16.23

 -16.23 a  -12.99

 -12.99 a   -9.74

  -9.74 a   -6.49

  -6.49 a   -3.25

  -3.25 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je hor iz ontal

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 123 DE 472 

 

 

  
 

3.4    Aleta2 
 
  

 
  
  
 

  -8.38 a   -6.98

  -6.98 a   -5.58

  -5.58 a   -4.19

  -4.19 a   -2.79

  -2.79 a   -1.40

  -1.40 a   -0.00

  -0.00 a    0.00

   0.00 a    0.01

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je v er tic al

Aleta 1

  -4.58 a   -2.29

  -2.29 a   -0.00

  -0.00 a    0.00

   0.00 a    2.88

   2.88 a    5.77

   5.77 a    8.65

   8.65 a   11.53

  11.53 a   14.41

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 124 DE 472 

 

 

  
  

 
  
  
 

  -0.55 a   -0.00

  -0.00 a    0.00

   0.00 a   16.49

  16.49 a   32.99

  32.99 a   49.48

  49.48 a   65.98

  65.98 a   82.47

  82.47 a   98.96

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje v er tic al

Aleta 2

  -2.01 a   -1.01

  -1.01 a   -0.00

  -0.00 a    0.00

   0.00 a    1.57

   1.57 a    3.14

   3.14 a    4.70

   4.70 a    6.27

   6.27 a    7.84

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 125 DE 472 

 

 

  
  

 
  
  
 

  -7.76 a   -6.21

  -6.21 a   -4.66

  -4.66 a   -3.11

  -3.11 a   -1.55

  -1.55 a   -0.00

  -0.00 a    0.00

   0.00 a    1.08

   1.08 a    2.16

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2

  -3.08 a   -0.00

  -0.00 a    0.00

   0.00 a    3.69

   3.69 a    7.39

   7.39 a   11.08

  11.08 a   14.77

  14.77 a   18.47

  18.47 a   22.16

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 126 DE 472 

 

 

  
  

 
  
  
 

  -9.41 a   -7.53

  -7.53 a   -5.65

  -5.65 a   -3.76

  -3.76 a   -1.88

  -1.88 a   -0.00

  -0.00 a    0.00

   0.00 a    0.88

   0.88 a    1.76

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je v er tic al

Aleta 2

  -2.51 a   -1.67

  -1.67 a   -0.84

  -0.84 a   -0.00

  -0.00 a    0.00

   0.00 a    1.28

   1.28 a    2.57

   2.57 a    3.85

   3.85 a    5.13

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 127 DE 472 

 

 

  
  

 
  
  
 

  -1.75 a   -0.00

  -0.00 a    0.00

   0.00 a    2.37

   2.37 a    4.73

   4.73 a    7.10

   7.10 a    9.47

   9.47 a   11.84

  11.84 a   14.20

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2

  -4.80 a   -3.84

  -3.84 a   -2.88

  -2.88 a   -1.92

  -1.92 a   -0.96

  -0.96 a   -0.00

  -0.00 a    0.00

   0.00 a    0.54

   0.54 a    1.08

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 128 DE 472 

 

 

  
  

 
  
  
 

  -2.01 a   -1.34

  -1.34 a   -0.67

  -0.67 a   -0.00

  -0.00 a    0.00

   0.00 a    1.07

   1.07 a    2.13

   2.13 a    3.20

   3.20 a    4.27

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2

 -14.83 a  -11.86

 -11.86 a   -8.90

  -8.90 a   -5.93

  -5.93 a   -2.97

  -2.97 a   -0.00

  -0.00 a    0.00

   0.00 a    1.40

   1.40 a    2.81

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 129 DE 472 

 

 

  
  

 
  
  
 

  -1.95 a   -0.98

  -0.98 a   -0.00

  -0.00 a    0.00

   0.00 a    1.36

   1.36 a    2.73

   2.73 a    4.09

   4.09 a    5.45

   5.45 a    6.81

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2

 -64.88 a  -48.66

 -48.66 a  -32.44

 -32.44 a  -16.22

 -16.22 a   -0.00

  -0.00 a    0.00

   0.00 a   12.30

  12.30 a   24.60

  24.60 a   36.90

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 130 DE 472 

 

 

  
  

 
  
  
 

-179.26 a -149.39

-149.39 a -119.51

-119.51 a  -89.63

 -89.63 a  -59.75

 -59.75 a  -29.88

 -29.88 a   -0.00

  -0.00 a    0.00

   0.00 a    6.47

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2

  -3.74 a   -0.00

  -0.00 a    0.00

   0.00 a    7.73

   7.73 a   15.47

  15.47 a   23.20

  23.20 a   30.93

  30.93 a   38.66

  38.66 a   46.40

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 131 DE 472 

 

 

  
  

 
  
  
 

 -17.26 a   -8.63

  -8.63 a   -0.00

  -0.00 a    0.00

   0.00 a   14.24

  14.24 a   28.48

  28.48 a   42.72

  42.72 a   56.96

  56.96 a   71.20

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2

 -29.20 a  -19.47

 -19.47 a   -9.73

  -9.73 a   -0.00

  -0.00 a    0.00

   0.00 a   18.59

  18.59 a   37.18

  37.18 a   55.78

  55.78 a   74.37

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 132 DE 472 

 

 

  
  

 
  
  
 

 -76.43 a  -50.95

 -50.95 a  -25.48

 -25.48 a   -0.00

  -0.00 a    0.00

   0.00 a   26.73

  26.73 a   53.46

  53.46 a   80.18

  80.18 a  106.91

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2

  -7.34 a   -6.12

  -6.12 a   -4.89

  -4.89 a   -3.67

  -3.67 a   -2.45

  -2.45 a   -1.22

  -1.22 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 133 DE 472 

 

 

  
  

 
  
  
 

 -23.47 a  -19.56

 -19.56 a  -15.65

 -15.65 a  -11.74

 -11.74 a   -7.82

  -7.82 a   -3.91

  -3.91 a   -0.00

  -0.00 a    0.00

   0.00 a    0.01

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2

  -0.33 a   -0.27

  -0.27 a   -0.22

  -0.22 a   -0.16

  -0.16 a   -0.11

  -0.11 a   -0.05

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.00

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 134 DE 472 

 

 

  
  

 
  
  
 

  -1.27 a   -1.06

  -1.06 a   -0.85

  -0.85 a   -0.63

  -0.63 a   -0.42

  -0.42 a   -0.21

  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2

  -3.26 a   -2.79

  -2.79 a   -2.33

  -2.33 a   -1.86

  -1.86 a   -1.40

  -1.40 a   -0.93

  -0.93 a   -0.47

  -0.47 a   -0.00

  -0.00 a    0.00

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 135 DE 472 

 

 

  
  

 
  
  
 

  -8.59 a   -7.16

  -7.16 a   -5.73

  -5.73 a   -4.29

  -4.29 a   -2.86

  -2.86 a   -1.43

  -1.43 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2

  -0.19 a   -0.14

  -0.14 a   -0.09

  -0.09 a   -0.05

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.05

   0.05 a    0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 136 DE 472 

 

 

  
  

 
  
  
 

  -0.17 a   -0.13

  -0.13 a   -0.09

  -0.09 a   -0.04

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2

  -0.48 a   -0.38

  -0.38 a   -0.29

  -0.29 a   -0.19

  -0.19 a   -0.10

  -0.10 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 137 DE 472 

 

 

  
  

 
  
  
 

  -0.22 a   -0.17

  -0.17 a   -0.13

  -0.13 a   -0.09

  -0.09 a   -0.04

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.07

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2

  -1.50 a   -1.25

  -1.25 a   -1.00

  -1.00 a   -0.75

  -0.75 a   -0.50

  -0.50 a   -0.25

  -0.25 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 138 DE 472 

 

 

  
  

 
  
  
 

  -0.21 a   -0.17

  -0.17 a   -0.13

  -0.13 a   -0.09

  -0.09 a   -0.04

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2

  -1.00 a   -0.00

  -0.00 a    0.00

   0.00 a    1.66

   1.66 a    3.31

   3.31 a    4.97

   4.97 a    6.63

   6.63 a    8.29

   8.29 a    9.94

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 139 DE 472 

 

 

  
  

 
  
  
 

  -1.80 a   -0.00

  -0.00 a    0.00

   0.00 a    2.80

   2.80 a    5.60

   5.60 a    8.40

   8.40 a   11.20

  11.20 a   14.00

  14.00 a   16.80

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2

  -0.70 a   -0.46

  -0.46 a   -0.23

  -0.23 a   -0.00

  -0.00 a    0.00

   0.00 a    0.11

   0.11 a    0.22

   0.22 a    0.33

   0.33 a    0.44

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 140 DE 472 

 

 

  
  

 
  
  
 

  -1.32 a   -0.88

  -0.88 a   -0.44

  -0.44 a   -0.00

  -0.00 a    0.00

   0.00 a    0.22

   0.22 a    0.44

   0.44 a    0.66

   0.66 a    0.89

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2

  -1.18 a   -0.79

  -0.79 a   -0.39

  -0.39 a   -0.00

  -0.00 a    0.00

   0.00 a    0.74

   0.74 a    1.47

   1.47 a    2.21

   2.21 a    2.95

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 141 DE 472 

 

 

  
  

 
  
  
 

  -1.36 a   -0.90

  -0.90 a   -0.45

  -0.45 a   -0.00

  -0.00 a    0.00

   0.00 a    0.54

   0.54 a    1.09

   1.09 a    1.63

   1.63 a    2.17

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.13

   0.13 a    0.26

   0.26 a    0.38

   0.38 a    0.51

   0.51 a    0.64

   0.64 a    0.77

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 142 DE 472 

 

 

  
  

 
  
  
 

  -0.14 a   -0.00

  -0.00 a    0.00

   0.00 a    0.22

   0.22 a    0.43

   0.43 a    0.65

   0.65 a    0.86

   0.86 a    1.08

   1.08 a    1.29

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje v er tic al

Aleta 2

  -0.05 a   -0.03

  -0.03 a   -0.02

  -0.02 a   -0.00

  -0.00 a    0.00

   0.00 a    0.01

   0.01 a    0.02

   0.02 a    0.02

   0.02 a    0.03

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje trans v ers al (armado longitudina l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 143 DE 472 

 

 

  
  

 
  
  
 

  -0.10 a   -0.06

  -0.06 a   -0.03

  -0.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.03

   0.03 a    0.05

   0.05 a    0.07

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2

  -0.07 a   -0.05

  -0.05 a   -0.02

  -0.02 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.11

   0.11 a    0.16

   0.16 a    0.22

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 144 DE 472 

 

 

  
  

 
  
  
 

  -0.10 a   -0.07

  -0.07 a   -0.03

  -0.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

   0.04 a    0.08

   0.08 a    0.12

   0.12 a    0.16

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je v er tic al

Aleta 2

  -0.24 a   -0.18

  -0.18 a   -0.12

  -0.12 a   -0.06

  -0.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 145 DE 472 

 

 

  
  

 
  
  
 

  -0.44 a   -0.37

  -0.37 a   -0.29

  -0.29 a   -0.22

  -0.22 a   -0.15

  -0.15 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje v er tic al

Aleta 2

  -0.16 a   -0.13

  -0.13 a   -0.10

  -0.10 a   -0.06

  -0.06 a   -0.03

  -0.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.03

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 146 DE 472 

 

 

  
  

 
  
  
 

  -0.32 a   -0.25

  -0.25 a   -0.19

  -0.19 a   -0.13

  -0.13 a   -0.06

  -0.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2

  -0.26 a   -0.20

  -0.20 a   -0.13

  -0.13 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je hor iz ontal

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 147 DE 472 

 

 

  
  

 
  
  
 

  -0.32 a   -0.26

  -0.26 a   -0.19

  -0.19 a   -0.13

  -0.13 a   -0.06

  -0.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

   0.04 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je v er tic al

Aleta 2

  -7.98 a   -6.65

  -6.65 a   -5.32

  -5.32 a   -3.99

  -3.99 a   -2.66

  -2.66 a   -1.33

  -1.33 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal mínimo

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 148 DE 472 

 

 

  
  

 
  
  
 

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    1.33

   1.33 a    2.66

   2.66 a    3.99

   3.99 a    5.32

   5.32 a    6.65

   6.65 a    7.98

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal máx imo

Aleta 2

 -15.77 a  -13.14

 -13.14 a  -10.51

 -10.51 a   -7.88

  -7.88 a   -5.26

  -5.26 a   -2.63

  -2.63 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al mínimo

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 149 DE 472 

 

 

  
  

 
  
  
 

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    2.63

   2.63 a    5.26

   5.26 a    7.88

   7.88 a   10.51

  10.51 a   13.14

  13.14 a   15.77

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al máx imo

Aleta 2

  -0.61 a   -0.51

  -0.51 a   -0.41

  -0.41 a   -0.30

  -0.30 a   -0.20

  -0.20 a   -0.10

  -0.10 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 150 DE 472 

 

 

  
  

 
  
  
 

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

   0.10 a    0.20

   0.20 a    0.30

   0.30 a    0.41

   0.41 a    0.51

   0.51 a    0.61

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 2

  -0.74 a   -0.62

  -0.62 a   -0.49

  -0.49 a   -0.37

  -0.37 a   -0.25

  -0.25 a   -0.12

  -0.12 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 151 DE 472 

 

 

  
  

 
  
  
 

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.12

   0.12 a    0.25

   0.25 a    0.37

   0.37 a    0.49

   0.49 a    0.62

   0.62 a    0.74

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 2

  -2.10 a   -1.75

  -1.75 a   -1.40

  -1.40 a   -1.05

  -1.05 a   -0.70

  -0.70 a   -0.35

  -0.35 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal mínimo

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 152 DE 472 

 

 

  
  

 
  
  
 

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.35

   0.35 a    0.70

   0.70 a    1.05

   1.05 a    1.40

   1.40 a    1.75

   1.75 a    2.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal máx imo

Aleta 2

  -0.98 a   -0.81

  -0.81 a   -0.65

  -0.65 a   -0.49

  -0.49 a   -0.33

  -0.33 a   -0.16

  -0.16 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al mínimo

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 153 DE 472 

 

 

  
  

 
  
  
 

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.16

   0.16 a    0.33

   0.33 a    0.49

   0.49 a    0.65

   0.65 a    0.81

   0.81 a    0.98

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al máx imo

Aleta 2

 -26.25 a  -21.88

 -21.88 a  -17.50

 -17.50 a  -13.13

 -13.13 a   -8.75

  -8.75 a   -4.38

  -4.38 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje hor iz ontal

Aleta 2
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 -44.64 a  -37.20

 -37.20 a  -29.76

 -29.76 a  -22.32

 -22.32 a  -14.88

 -14.88 a   -7.44

  -7.44 a   -0.00

  -0.00 a    0.00

   0.00 a    0.01

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje v er tic al

Aleta 2

  -4.51 a   -3.76

  -3.76 a   -3.01

  -3.01 a   -2.26

  -2.26 a   -1.50

  -1.50 a   -0.75

  -0.75 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2
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  -7.82 a   -6.51

  -6.51 a   -5.21

  -5.21 a   -3.91

  -3.91 a   -2.61

  -2.61 a   -1.30

  -1.30 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2

  -9.87 a   -8.64

  -8.64 a   -7.41

  -7.41 a   -6.18

  -6.18 a   -4.95

  -4.95 a   -3.73

  -3.73 a   -2.50

  -2.50 a   -1.27

  -1.27 a   -0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je hor iz ontal

Aleta 2
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4    ESTADO LíMITE DE DESLIZAMIENTO 

 
 
La comprobación de deslizamiento se lleva a cabo en una serie de direcciones, equidistando entre ellas 12.5 grados centesimales 
 

4.1    Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio 

 
 
Sector 9 
 

 Resistencia mayorada (RR) RU 

Acción F normal F roz. F horiz. estab. F desest. 

  (kN)  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio 7069.0 2572.9 -0.0    0.0 

Terreno. Tierras. Empuje en trasdós   -0.0   -0.0 0.0 3893.5 

Peso propio. Estribo 4790.7 1743.7 -0.0    0.0 

Peso propio. Tablero (incremento) . Fase: estribo en servicio  635.6  231.3 -0.0    0.0 

Peso propio de los componentes estructurales y accesorios no estructurales    52.0   18.9 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje   -0.0   -0.0 0.0  392.7 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical   -0.0   -0.0 -0.0    0.0 

Temperatura. Efecto global    -0.0   -0.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico    -0.0   -0.0 -0.0    0.0 

 
Resistencia mayorada (RR) : 

 

       Fuerza de rozamiento  :     4566.8  kN 

       Fuerza horizontal estabilizadora  :        0.0  kN 

       Adherencia  :        0.0  kN 

      Total (RR)  :     4566.8  kN 

 

Fuerza desestabilizadora mayorada (RU) :  :     4286.2  kN 

 
Fuerza desestabilizadora, RU = 437.069 < Resistencia mayorada R R = 465.688  ->  Cumple a deslizamiento. 

 

4.2    Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio 

 
 

  -8.56 a   -7.49

  -7.49 a   -6.43

  -6.43 a   -5.37

  -5.37 a   -4.31

  -4.31 a   -3.25

  -3.25 a   -2.19

  -2.19 a   -1.13

  -1.13 a   -0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je v er tic al

Aleta 2
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Sector 9 
 

 Resistencia mayorada (RR) RU 

Acción F normal F roz. F horiz. estab. F desest. 

  (kN)  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio 7069.0 2572.9 -0.0    0.0 

Terreno. Tierras. Empuje en trasdós   -0.0   -0.0 0.0 3893.5 

Peso propio. Estribo 4790.7 1743.7 -0.0    0.0 

Peso propio. Tablero (incremento) . Fase: estribo en servicio  635.6  231.3 -0.0    0.0 

Peso propio de los componentes estructurales y accesorios no estructurales    52.0   18.9 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje   -0.0   -0.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical   -0.0   -0.0 -0.0    0.0 

Temperatura. Efecto global    -0.0   -0.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico    -0.0   -0.0 -0.0    0.0 

 
Resistencia mayorada (RR) : 

 

       Fuerza de rozamiento  :     4566.8  kN 

       Fuerza horizontal estabilizadora  :        0.0  kN 

       Adherencia  :        0.0  kN 

      Total (RR)  :     4566.8  kN 

 

Fuerza desestabilizadora mayorada (RU) :  :     3893.5  kN 

 

Fuerza desestabilizadora, RU = 397.022 < Resistencia mayorada R R = 465.688  ->  Cumple a deslizamiento. 

 

4.3    Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio 

 
 
Sector 9 
 

 Resistencia mayorada (RR) RU 

Acción F normal F roz. F horiz. estab. F desest. 

  (kN)  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio 7069.0 2572.9 -0.0    0.0 

Terreno. Tierras. Empuje en trasdós   -0.0   -0.0 0.0 3893.5 

Peso propio. Estribo 4790.7 1743.7 -0.0    0.0 

Peso propio. Tablero (incremento) . Fase: estribo en servicio  635.6  231.3 -0.0    0.0 

Peso propio de los componentes estructurales y accesorios no estructurales    52.0   18.9 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje   -0.0   -0.0 0.0  303.0 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical   -0.0   -0.0 -0.0    0.0 

Temperatura. Efecto global    -0.0   -0.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico    -0.0   -0.0 -0.0    0.0 

 
Resistencia mayorada (RR) : 

 

       Fuerza de rozamiento  :     4566.8  kN 

       Fuerza horizontal estabilizadora  :        0.0  kN 

       Adherencia  :        0.0  kN 

      Total (RR)  :     4566.8  kN 

 

Fuerza desestabilizadora mayorada (RU) :  :     4196.4  kN 

 

Fuerza desestabilizadora, RU = 427.915 < Resistencia mayorada R R = 465.688  ->  Cumple a deslizamiento. 

 

4.4    Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en 

servicio 
 

 
Sector 9 
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 Resistencia mayorada (RR) RU 

Acción F normal F roz. F horiz. estab. F desest. 

  (kN)  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio 7069.0 2572.9 -0.0    0.0 

Terreno. Tierras. Empuje en trasdós   -0.0   -0.0 0.0 2884.0 

Peso propio. Estribo 4790.7 1743.7 -0.0    0.0 

Peso propio. Tablero (incremento) . Fase: estribo en servicio  635.6  231.3 -0.0    0.0 

Peso propio de los componentes estructurales y accesorios no estructurales    57.8   21.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje   -0.0   -0.0 0.0  224.4 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical   -0.0   -0.0 -0.0    0.0 

Temperatura. Efecto global    -0.0   -0.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico    -0.0   -0.0 -0.0    0.0 

Sismo. Efecto global  351.2  127.8 0.0  457.7 

 
Resistencia mayorada (RR) : 

 
       Fuerza de rozamiento  :     4696.8  kN 

       Fuerza horizontal estabilizadora  :        0.0  kN 

       Adherencia  :        0.0  kN 

      Total (RR)  :     4696.8  kN 

 

Fuerza desestabilizadora mayorada (RU) :  :     3566.2  kN 

 
Fuerza desestabilizadora, RU = 363.648 < Resistencia mayorada R R = 478.939  ->  Cumple a deslizamiento. 

 

4.5    Resumen de verificaciones 

 
 

 
Muro frontal : 
 
Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en servicio. Verifica la comprobación. 
 
 
 

5    ESTADO LíMITE DE VUELCO 

 
 
La comprobación de vuelco se lleva a cabo en torno a los 3 extremos de la zapata 
 

5.1    Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio 
 

 
Extremo frontal de la zapata 
 

 Resultante en la base de la zapata 

Acción F vert. F horiz. Momento 

  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio -7069.0    0.0 -28089.5 

Terreno. Tierras. Empuje en trasdós    0.0 3893.5  7968.5 

Peso propio. Estribo -4790.7    0.0 -14821.9 

Peso propio. Tablero (incremento) . Fase: estribo en servicio -635.6    0.0 -1461.8 

Peso propio de los componentes estructurales y accesorios no estructurales   -52.0    0.0  -119.6 
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Sobrecargas de uso. Sobrecargas en terraplén. Empuje    0.0  392.7  1205.7 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical    0.0    0.0     0.0 

Temperatura. Efecto global   553.1  -73.6   930.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico     0.0    0.0     0.0 

 
 
 

Excentricidad  :     0.383  m 

Excentricidad admisible  :     2.167  m 

 
Excentricidad =  0.383  m  < Exc. admisible =  2.167  m  ->  Cumple a vuelco. 
 

5.2    Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio 
 

 
Extremo frontal de la zapata 
 

 Resultante en la base de la zapata 

Acción F vert. F horiz. Momento 

  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio -7069.0    0.0 -28089.5 

Terreno. Tierras. Empuje en trasdós    0.0 3893.5  7968.5 

Peso propio. Estribo -4790.7    0.0 -14821.9 

Peso propio. Tablero (incremento) . Fase: estribo en servicio -635.6    0.0 -1461.8 

Peso propio de los componentes estructurales y accesorios no estructurales   -52.0    0.0  -119.6 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje    0.0    0.0     0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical    0.0    0.0     0.0 

Temperatura. Efecto global   553.1  -73.6   930.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico     0.0    0.0     0.0 

 
 
 

Excentricidad  :     0.282  m 

Excentricidad admisible  :     2.167  m 

 
Excentricidad =  0.282  m  < Exc. admisible =  2.167  m  ->  Cumple a vuelco. 
 

5.3    Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio 

 
 
Extremo frontal de la zapata 
 

 Resultante en la base de la zapata 

Acción F vert. F horiz. Momento 

  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio -7069.0    0.0 -28089.5 

Terreno. Tierras. Empuje en trasdós    0.0 3893.5  7968.5 

Peso propio. Estribo -4790.7    0.0 -14821.9 

Peso propio. Tablero (incremento) . Fase: estribo en servicio -635.6    0.0 -1461.8 

Peso propio de los componentes estructurales y accesorios no estructurales   -52.0    0.0  -119.6 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje    0.0  303.0   930.1 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical    0.0    0.0     0.0 

Temperatura. Efecto global   553.1  -73.6   930.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico     0.0    0.0     0.0 

 
 
 

Excentricidad  :     0.360  m 

Excentricidad admisible  :     2.167  m 

 
Excentricidad =  0.360  m  < Exc. admisible =  2.167  m  ->  Cumple a vuelco. 
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5.4    Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en 

servicio 

 
 
Extremo frontal de la zapata 
 

 Resultante en la base de la zapata 

Acción F vert. F horiz. Momento 

  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio -7069.0    0.0 -28089.5 

Terreno. Tierras. Empuje en trasdós    0.0 2884.0  5902.6 

Peso propio. Estribo -4790.7    0.0 -14821.9 

Peso propio. Tablero (incremento) . Fase: estribo en servicio -635.6    0.0 -1461.8 

Peso propio de los componentes estructurales y accesorios no estructurales   -57.8    0.0  -132.9 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje    0.0  224.4   689.0 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical    0.0    0.0     0.0 

Temperatura. Efecto global     0.0    0.0     0.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico     0.0    0.0     0.0 

Sismo. Efecto global  440.8   22.4   957.2 

 
 
 

Excentricidad  :     0.199  m 

Excentricidad admisible  :     2.600  m 

 
Excentricidad =  0.199  m  < Exc. admisible =  2.600  m  ->  Cumple a vuelco. 
 

5.5    Resumen de verificaciones 
 

 
Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en servicio. Verifica la comprobación. 
 
 
 

6    ESTADO LíMITE DE HUNDIMIENTO 

 
 
La comprobación de hundimiento se lleva a cabo evaluando las tensiones en las 4 esquinas de la zapata 
 

6.1    Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio 
 

 
Esquina 1: zarpa delantera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     4359.7  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    18016.5  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      -57.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -5378.0  kNm 

 

Presión máxima, qu  :    169.6  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 
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Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu = 169.621  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 2: zarpa trasera. Extremo lateral 1 
 
Fuerza en la dirección longitudinal:   :     4359.7  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    18016.5  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      -57.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -5378.0  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 3: zarpa trasera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     2522.1  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    17396.4  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      221.4  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :      875.1  kNm 

 

Presión máxima, qu  :    151.2  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu = 151.239  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 4: zarpa delantera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     4359.7  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    18016.5  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      -57.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -5378.0  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 

6.2    Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio 

 

 
Esquina 1: zarpa delantera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     3967.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    17705.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      -97.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -3876.4  kNm 
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Presión máxima, qu  :    162.4  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu = 162.355  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 2: zarpa trasera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     3967.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    17705.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      -97.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -3876.4  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 3: zarpa trasera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     2522.1  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    16598.8  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      181.4  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :      514.8  kNm 

 

Presión máxima, qu  :    143.4  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu = 143.411  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 4: zarpa delantera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     3967.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    17705.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      -97.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -3876.4  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 

6.3    Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio 
 

 
Esquina 1: zarpa delantera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     4270.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 
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Fuerza en la dirección vertical:  :    17945.3  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      -67.0  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -5034.8  kNm 

 

Presión máxima, qu  :    167.9  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu = 167.940  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 2: zarpa trasera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     4270.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    17945.3  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      -67.0  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -5034.8  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 3: zarpa trasera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     2522.1  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    17214.1  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      212.2  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :      792.7  kNm 

 

Presión máxima, qu  :    149.4  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu = 149.449  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 4: zarpa delantera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     4270.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    17945.3  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :      -67.0  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -5034.8  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    214.5  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 214.500  kN/m2 ->  Cumple a hundimiento. 

 

6.4    Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en 
servicio 
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Esquina 1: zarpa delantera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     3383.4  kN 

Fuerza en la dirección transversal:   :     1004.4  kN 

Fuerza en la dirección vertical:  :    18075.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     5105.3  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -3563.7  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    312.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 312.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 2: zarpa trasera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     2609.1  kN 

Fuerza en la dirección transversal:   :    -1004.4  kN 

Fuerza en la dirección vertical:  :    16833.6  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :    -4982.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :     1053.0  kNm 

 

Presión máxima, qu  :    151.7  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    312.0  kN/m2 
 
 

qu = 151.690  kN/m2 < q R = 312.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 3: zarpa trasera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     3383.4  kN 

Fuerza en la dirección transversal:   :     1004.4  kN 

Fuerza en la dirección vertical:  :    18075.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     5105.3  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -3563.7  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    312.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 312.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 4: zarpa delantera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     3383.4  kN 

Fuerza en la dirección transversal:   :     1004.4  kN 

Fuerza en la dirección vertical:  :    18075.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     5105.3  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :    -3563.7  kNm 
 

Presión máxima, qu  :    169.8  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    312.0  kN/m2 
 
 

qu = 169.793  kN/m2 < q R = 312.000  kN/m2 ->  Cumple a hundimiento. 
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6.5    Resumen de verificaciones 

 

 
Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en servicio. Verifica la comprobación. 
 
 
 

7    ESTADO LíMITE DE FLEXIóN 

 
 

7.1    Zapata 
 

 
7.1.1    Esfuerzos de cálculo 
 
  
 

  
  
 

-258.76 a -215.63

-215.63 a -172.50

-172.50 a -129.38

-129.38 a  -86.25

 -86.25 a  -43.13

 -43.13 a   -0.00

  -0.00 a    0.00

   0.00 a   16.18

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje trans v ers al mínimo (armado longitudinal)

Zapata
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-118.93 a  -89.20

 -89.20 a  -59.47

 -59.47 a  -29.73

 -29.73 a   -0.00

  -0.00 a    0.00

   0.00 a   15.22

  15.22 a   30.43

  30.43 a   45.65

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje trans v ers al máx imo (armado longitudinal)

Zapata

-211.74 a -158.80

-158.80 a -105.87

-105.87 a  -52.93

 -52.93 a   -0.00

  -0.00 a    0.00

   0.00 a   34.91

  34.91 a   69.81

  69.81 a  104.72

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje longitudinal mínimo (armado trans v ers al)

Zapata
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 -15.62 a   -0.00

  -0.00 a    0.00

   0.00 a   42.08

  42.08 a   84.16

  84.16 a  126.24

 126.24 a  168.32

 168.32 a  210.40

 210.40 a  252.48

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje longitudinal máx imo (armado trans v ers al)

Zapata

-191.66 a -159.72

-159.72 a -127.77

-127.77 a  -95.83

 -95.83 a  -63.89

 -63.89 a  -31.94

 -31.94 a   -0.00

  -0.00 a    0.00

   0.00 a   15.08

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje trans v ers al mínimo (armado longitudinal)

Zapata
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-126.03 a  -94.52

 -94.52 a  -63.01

 -63.01 a  -31.51

 -31.51 a   -0.00

  -0.00 a    0.00

   0.00 a   14.94

  14.94 a   29.89

  29.89 a   44.83

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje trans v ers al máx imo (armado longitudinal)

Zapata

-145.04 a  -96.70

 -96.70 a  -48.35

 -48.35 a   -0.00

  -0.00 a    0.00

   0.00 a   25.64

  25.64 a   51.29

  51.29 a   76.93

  76.93 a  102.57

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje longitudinal mínimo (armado trans v ers al)

Zapata
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7.1.2    Armaduras de cálculo 
 
  
 

  
  
 

 -15.39 a   -0.00

  -0.00 a    0.00

   0.00 a   42.06

  42.06 a   84.12

  84.12 a  126.17

 126.17 a  168.23

 168.23 a  210.29

 210.29 a  252.35

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje longitudinal máx imo (armado trans v ers al)

Zapata

    -0.0 a      0.0

     0.0 a      0.3

     0.3 a      0.5

     0.5 a      0.8

     0.8 a      1.0

     1.0 a      1.3

     1.3 a      1.6

     1.6 a      1.8

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura longitudinal en c ara infer ior

Zapata
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    -0.0 a      0.0

     0.0 a      1.2

     1.2 a      2.4

     2.4 a      3.7

     3.7 a      4.9

     4.9 a      6.1

     6.1 a      7.3

     7.3 a      8.5

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura longitudinal en c ara s uper ior

Zapata

    -0.0 a      0.0

     0.0 a      0.8

     0.8 a      1.5

     1.5 a      2.3

     2.3 a      3.0

     3.0 a      3.8

     3.8 a      4.5

     4.5 a      5.3

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura trans v ers al en c ara infer ior

Zapata
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7.2    Muro frontal 
 

 
7.2.1    Esfuerzos de cálculo 
 
  
 

  
  
 

    -0.0 a      0.0

     0.0 a      0.9

     0.9 a      1.8

     1.8 a      2.7

     2.7 a      3.6

     3.6 a      4.4

     4.4 a      5.3

     5.3 a      6.2

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura trans v ers al en c ara s uperior

Zapata

 -98.06 a  -73.54

 -73.54 a  -49.03

 -49.03 a  -24.51

 -24.51 a   -0.00

  -0.00 a    0.00

   0.00 a   12.03

  12.03 a   24.05

  24.05 a   36.08

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Muro frontal
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 -46.90 a  -31.26

 -31.26 a  -15.63

 -15.63 a   -0.00

  -0.00 a    0.00

   0.00 a   16.83

  16.83 a   33.65

  33.65 a   50.48

  50.48 a   67.30

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Muro frontal

-105.55 a  -70.37

 -70.37 a  -35.18

 -35.18 a   -0.00

  -0.00 a    0.00

   0.00 a   17.57

  17.57 a   35.15

  35.15 a   52.72

  52.72 a   70.30

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Muro frontal
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 -43.96 a  -21.98

 -21.98 a   -0.00

  -0.00 a    0.00

   0.00 a   41.19

  41.19 a   82.38

  82.38 a  123.57

 123.57 a  164.76

 164.76 a  205.95

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Muro frontal

 -93.75 a  -70.31

 -70.31 a  -46.87

 -46.87 a  -23.44

 -23.44 a   -0.00

  -0.00 a    0.00

   0.00 a   12.59

  12.59 a   25.17

  25.17 a   37.76

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Muro frontal
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 -49.07 a  -32.71

 -32.71 a  -16.36

 -16.36 a   -0.00

  -0.00 a    0.00

   0.00 a   12.82

  12.82 a   25.63

  25.63 a   38.45

  38.45 a   51.26

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Muro frontal

-118.47 a  -88.86

 -88.86 a  -59.24

 -59.24 a  -29.62

 -29.62 a   -0.00

  -0.00 a    0.00

   0.00 a   17.65

  17.65 a   35.29

  35.29 a   52.94

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Muro frontal
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HOJA: 175 DE 472 

 

 

  
 
7.2.2    Armaduras de cálculo 
 
  
 

  
  
 

 -46.07 a  -23.04

 -23.04 a   -0.00

  -0.00 a    0.00

   0.00 a   35.03

  35.03 a   70.05

  70.05 a  105.08

 105.08 a  140.11

 140.11 a  175.13

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Muro frontal

     0.0 a      1.0

     1.0 a      1.9

     1.9 a      2.9

     2.9 a      3.8

     3.8 a      4.8

     4.8 a      5.7

     5.7 a      6.7

     6.7 a      7.6

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  interior

Muro frontal
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    -0.0 a      0.0

     0.0 a      0.8

     0.8 a      1.7

     1.7 a      2.5

     2.5 a      3.4

     3.4 a      4.2

     4.2 a      5.0

     5.0 a      5.9

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  ex ter ior

Muro frontal

    -0.0 a      0.0

     0.0 a      0.4

     0.4 a      0.8

     0.8 a      1.2

     1.2 a      1.6

     1.6 a      2.0

     2.0 a      2.4

     2.4 a      2.8

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara interior

Muro frontal
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7.3    Aleta 1 
 

 
7.3.1    Esfuerzos de cálculo 
 
  
 

  
  
 

    -0.0 a      0.0

     0.0 a      0.2

     0.2 a      0.4

     0.4 a      0.6

     0.6 a      0.8

     0.8 a      1.0

     1.0 a      1.2

     1.2 a      1.4

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara ex ter ior

Muro frontal

  -5.60 a   -0.00

  -0.00 a    0.00

   0.00 a    6.84

   6.84 a   13.68

  13.68 a   20.52

  20.52 a   27.36

  27.36 a   34.21

  34.21 a   41.05

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 1
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  -3.44 a   -0.00

  -0.00 a    0.00

   0.00 a   12.77

  12.77 a   25.54

  25.54 a   38.31

  38.31 a   51.08

  51.08 a   63.85

  63.85 a   76.62

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 1

 -26.30 a  -17.53

 -17.53 a   -8.77

  -8.77 a   -0.00

  -0.00 a    0.00

   0.00 a   14.88

  14.88 a   29.75

  29.75 a   44.63

  44.63 a   59.50

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 1
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 -16.29 a   -8.15

  -8.15 a   -0.00

  -0.00 a    0.00

   0.00 a   21.95

  21.95 a   43.89

  43.89 a   65.84

  65.84 a   87.79

  87.79 a  109.74

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 1

  -4.33 a   -0.00

  -0.00 a    0.00

   0.00 a    7.17

   7.17 a   14.34

  14.34 a   21.51

  21.51 a   28.69

  28.69 a   35.86

  35.86 a   43.03

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 1
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  -3.65 a   -0.00

  -0.00 a    0.00

   0.00 a    9.69

   9.69 a   19.37

  19.37 a   29.06

  29.06 a   38.75

  38.75 a   48.43

  48.43 a   58.12

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 1

 -20.57 a  -13.72

 -13.72 a   -6.86

  -6.86 a   -0.00

  -0.00 a    0.00

   0.00 a   14.63

  14.63 a   29.25

  29.25 a   43.88

  43.88 a   58.51

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 1
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7.3.2    Armaduras de cálculo 
 
  
 

  
  
 

 -17.38 a   -8.69

  -8.69 a   -0.00

  -0.00 a    0.00

   0.00 a   17.32

  17.32 a   34.64

  34.64 a   51.96

  51.96 a   69.27

  69.27 a   86.59

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 1

    -0.0 a      0.0

     0.0 a      0.8

     0.8 a      1.7

     1.7 a      2.5

     2.5 a      3.3

     3.3 a      4.1

     4.1 a      5.0

     5.0 a      5.8

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  interior

Aleta 1
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    -0.0 a      0.0

     0.0 a      0.1

     0.1 a      0.1

     0.1 a      0.2

     0.2 a      0.3

     0.3 a      0.4

     0.4 a      0.4

     0.4 a      0.5

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  ex ter ior

Aleta 1

    -0.0 a      0.0

     0.0 a      1.4

     1.4 a      2.7

     2.7 a      4.1

     4.1 a      5.5

     5.5 a      6.9

     6.9 a      8.2

     8.2 a      9.6

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara interior

Aleta 1
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7.4    Aleta2 
 

 
7.4.1    Esfuerzos de cálculo 
 
  
 

  
  
 

    -0.0 a      0.0

     0.0 a      0.3

     0.3 a      0.6

     0.6 a      0.9

     0.9 a      1.3

     1.3 a      1.6

     1.6 a      1.9

     1.9 a      2.2

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara ex ter ior

Aleta 1

  -5.57 a   -0.00

  -0.00 a    0.00

   0.00 a    6.63

   6.63 a   13.26

  13.26 a   19.89

  19.89 a   26.51

  26.51 a   33.14

  33.14 a   39.77

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 2
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  -3.43 a   -0.00

  -0.00 a    0.00

   0.00 a   12.48

  12.48 a   24.97

  24.97 a   37.45

  37.45 a   49.93

  49.93 a   62.41

  62.41 a   74.90

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 2

 -26.24 a  -17.50

 -17.50 a   -8.75

  -8.75 a   -0.00

  -0.00 a    0.00

   0.00 a   14.77

  14.77 a   29.54

  29.54 a   44.32

  44.32 a   59.09

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 2
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 -16.25 a   -8.13

  -8.13 a   -0.00

  -0.00 a    0.00

   0.00 a   21.94

  21.94 a   43.87

  43.87 a   65.81

  65.81 a   87.75

  87.75 a  109.68

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 2

  -4.25 a   -0.00

  -0.00 a    0.00

   0.00 a    6.97

   6.97 a   13.94

  13.94 a   20.91

  20.91 a   27.88

  27.88 a   34.85

  34.85 a   41.82

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 2
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  -3.61 a   -0.00

  -0.00 a    0.00

   0.00 a    9.48

   9.48 a   18.96

  18.96 a   28.44

  28.44 a   37.92

  37.92 a   47.40

  47.40 a   56.88

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 2

 -20.58 a  -13.72

 -13.72 a   -6.86

  -6.86 a   -0.00

  -0.00 a    0.00

   0.00 a   14.65

  14.65 a   29.30

  29.30 a   43.95

  43.95 a   58.59

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 2
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7.4.2    Armaduras de cálculo 
 
  
 

  
  
 

 -17.32 a   -8.66

  -8.66 a   -0.00

  -0.00 a    0.00

   0.00 a   17.24

  17.24 a   34.49

  34.49 a   51.73

  51.73 a   68.97

  68.97 a   86.21

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 2

    -0.0 a      0.0

     0.0 a      0.8

     0.8 a      1.6

     1.6 a      2.4

     2.4 a      3.2

     3.2 a      4.1

     4.1 a      4.9

     4.9 a      5.7

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  interior

Aleta 2
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    -0.0 a      0.0

     0.0 a      0.1

     0.1 a      0.1

     0.1 a      0.2

     0.2 a      0.3

     0.3 a      0.3

     0.3 a      0.4

     0.4 a      0.5

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  ex ter ior

Aleta 2

    -0.0 a      0.0

     0.0 a      1.4

     1.4 a      2.7

     2.7 a      4.1

     4.1 a      5.5

     5.5 a      6.8

     6.8 a      8.2

     8.2 a      9.6

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara interior

Aleta 2
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7.5    Resumen de verificaciones 
 

 
Estado límite de Resistencia. Envolvente global. Envolvente global. Pilotes. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Losa de transición. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Pilotes. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Losa de transición. Verifica la comprobación. 
 
 
Zapata : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
 
 
Muro frontal : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
 
 
Aleta 1 : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
 
 
Aleta 2 : 

    -0.0 a      0.0

     0.0 a      0.3

     0.3 a      0.6

     0.6 a      0.9

     0.9 a      1.3

     1.3 a      1.6

     1.6 a      1.9

     1.9 a      2.2

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara ex ter ior

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 190 DE 472 

 

 

 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
 
 

8    ESTADO LíMITE DE FISURACIóN 
 

 

8.1    Zapata 
 

 
8.1.1    Esfuerzos de cálculo 
 
  
 

  
  

 
  

-172.18 a -143.48

-143.48 a -114.79

-114.79 a  -86.09

 -86.09 a  -57.39

 -57.39 a  -28.70

 -28.70 a   -0.00

  -0.00 a    0.00

   0.00 a   22.04

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje trans v ers al mínimo (armado longitudinal)

Zapata

-149.80 a -119.84

-119.84 a  -89.88

 -89.88 a  -59.92

 -59.92 a  -29.96

 -29.96 a   -0.00

  -0.00 a    0.00

   0.00 a   17.49

  17.49 a   34.99

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje trans v ers al máx imo (armado longitudinal)

Zapata
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8.1.2    Cálculo de E.L. de fisuración 
 
Zapata. Armadura transversal. Cara inferior 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. dispuesta Nk Mk wk sk sadm 

      Cara inferior Cara superior             

   (m)  (m)  (cm2)  (cm2)    (kN)  (kNm)  (mm)  (mm)  (mm) 

1    1.000    1.200    10.83    10.83 4 #6 a 0.200  m     -68.8     -73.5 0.00  200 1000 

2    1.000    1.200    10.83    10.83 4 #6 a 0.200  m      82.1      81.2 0.03  200 4374 

3    1.000    1.200    10.83    10.83 4 #6 a 0.200  m      52.8     189.9 0.13  200  980 

-100.50 a  -67.00

 -67.00 a  -33.50

 -33.50 a   -0.00

  -0.00 a    0.00

   0.00 a   32.57

  32.57 a   65.14

  65.14 a   97.71

  97.71 a  130.28

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje longitudinal mínimo (armado trans v ers al)

Zapata

 -57.63 a  -28.81

 -28.81 a   -0.00

  -0.00 a    0.00

   0.00 a   37.98

  37.98 a   75.96

  75.96 a  113.94

 113.94 a  151.93

 151.93 a  189.91

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje longitudinal máx imo (armado trans v ers al)

Zapata
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4    1.000    1.200    10.83    10.83 4 #6 a 0.200  m      52.8     189.9 0.13  200  980 

 
  

wk: abertura de fisura en la fibra de la cara inferior 

sk: separación entre barras en la fibra de la cara inferior 

 
El momento positivo comprime la fibra de la cara superior 
 
Sí cumple. 
 
 
Zapata. Armadura longitudinal. Cara inferior 
 

Recubrimiento mecánico: 0.079  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara inferior Cara superior             

   (m)  (m)  (cm2)  (cm2)    (kN)  (kNm)  (mm)  (mm)  (mm) 

1    1.000    1.200    10.83    11.35 4 #6 a 
0.200  m 

   -122.6    -
170.0 

0.00  200 1000 

2    1.000    1.200    10.83    11.35 4 #6 a 
0.200  m 

     45.1      -
3.6 

0.00  200 1000 

3    1.000    1.200    10.83    11.35 4 #6 a 
0.200  m 

     -1.7      
35.0 

0.03  200 4602 

4    1.000    1.200    10.83    11.35 4 #6 a 
0.200  m 

     -1.7      
35.0 

0.03  200 4602 

 
  
wk: abertura de fisura en la fibra de la cara inferior 

sk: separación entre barras en la fibra de la cara inferior 

 
El momento positivo comprime la fibra de la cara superior 
 
Sí cumple. 
 
 
Zapata. Armadura transversal. Cara superior 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara inferior Cara superior             

   (m)  (m)  (cm2)  (cm2)    (kN)  (kNm)  (mm)  (mm)  (mm) 

1    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

    -68.7     -
75.0 

0.09  200 1466 

2    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

     82.1      
81.2 

0.00  200 1000 

3    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

    -61.2    -
100.5 

0.11  200 1215 

4    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

    -61.2    -
100.5 

0.11  200 1215 

 
  
wk: abertura de fisura en la fibra de la cara superior 

sk: separación entre barras en la fibra de la cara superior 

 
El momento positivo comprime la fibra de la cara superior 
 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 193 DE 472 

 

 

Sí cumple. 
 
 
Zapata. Armadura longitudinal. Cara superior 
 

Recubrimiento mecánico: 0.079  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara inferior Cara superior             

   (m)  (m)  (cm2)  (cm2)    (kN)  (kNm)  (mm)  (mm)  (mm) 

1    1.000    1.200    10.83    11.35 4 #6 a 
0.200  m 

   -122.7    -
170.4 

0.22  200  564 

2    1.000    1.200    10.83    11.35 4 #6 a 
0.200  m 

     45.1      -
3.6 

0.00  200 1000 

3    1.000    1.200    10.83    11.35 4 #6 a 
0.200  m 

   -121.3    -
172.2 

0.22  200  561 

4    1.000    1.200    10.83    11.35 4 #6 a 
0.200  m 

   -121.3    -
172.2 

0.22  200  561 

 
  

wk: abertura de fisura en la fibra de la cara superior 

sk: separación entre barras en la fibra de la cara superior 

 
El momento positivo comprime la fibra de la cara superior 
 
Sí cumple. 
 
 
 

8.2    Muro frontal 
 

 
8.2.1    Esfuerzos de cálculo 
 
  
 

  
  
 

 -69.57 a  -52.18

 -52.18 a  -34.79

 -34.79 a  -17.39

 -17.39 a   -0.00

  -0.00 a    0.00

   0.00 a   13.83

  13.83 a   27.66

  27.66 a   41.48

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Muro frontal
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 -59.66 a  -39.77

 -39.77 a  -19.89

 -19.89 a   -0.00

  -0.00 a    0.00

   0.00 a   11.95

  11.95 a   23.91

  23.91 a   35.86

  35.86 a   47.81

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Muro frontal

 -85.54 a  -57.03

 -57.03 a  -28.51

 -28.51 a   -0.00

  -0.00 a    0.00

   0.00 a   24.07

  24.07 a   48.15

  48.15 a   72.22

  72.22 a   96.30

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Muro frontal
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8.2.2    Cálculo de E.L. de fisuración 
 
Muro frontal. Muro. Armadura vertical. Cara exterior 
 

Recubrimiento mecánico: 0.079  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

     89.3      -
8.2 

0.00  200 1000 

2    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

    303.1     -
22.1 

0.00  200 1000 

3    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

    302.5     -
26.9 

0.00  200 1000 

4    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

    302.5     -
26.9 

0.00  200 1000 

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Muro. Armadura horizontal. Cara exterior  
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 
 Hipótesis Ancho Canto As. flexión As. flexión Arm. dispuesta Nk Mk wk sk sadm 

       Cara interior Cara exterior             

    (m)  (m)  (cm2)  (cm2)    (kN)  (kNm)  (mm)  (mm)  (mm) 
 1    1.000    2.100    12.70    12.70 5 #6 a 0.200  m    -196.8     -69.6 0.11  200 1143 
 

 -50.74 a  -33.83

 -33.83 a  -16.91

 -16.91 a   -0.00

  -0.00 a    0.00

   0.00 a   33.36

  33.36 a   66.71

  66.71 a  100.07

 100.07 a  133.42

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Muro frontal
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wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Muro. Armadura vertical. Cara interior 
 

Recubrimiento mecánico: 0.079  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

     89.3      -
8.2 

0.00  200 1000 

2    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

    303.1     -
22.1 

0.00  200 1000 

3    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

    194.8     
133.4 

0.04  200 4203 

4    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

    194.8     
133.4 

0.04  200 4203 

 
  
wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Muro. Armadura horizontal. Cara interior 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

   -105.4      
34.3 

0.07  200 1816 

2    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

      4.4      
18.9 

0.01  200 10614 

3    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

   -105.4      
34.3 

0.07  200 1816 

4    1.000    1.200    10.83    10.83 4 #6 a 
0.200  m 

   -105.0      
34.4 

0.07  200 1819 

 
  

wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
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Sí cumple. 
 
 
Muro frontal. Espaldón. Armadura vertical. Cara trasera 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

     -5.1       
6.5 

0.11  300 1747 

2    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

     45.8       
5.3 

0.00  300 389454 

3    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

      4.3      
10.6 

0.14  300 1310 

4    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

      5.4      
10.7 

0.14  300 1331 

 
  

wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
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Muro frontal. Espaldón. Armadura horizontal. Cara trasera 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.450    10.11     4.06 8 #4 a 
0.125  m 

   -137.5      
47.8 

0.21  125  380 

2    1.000    0.450    10.11     4.06 8 #4 a 
0.125  m 

     11.0       
1.0 

0.00  125 101331624 

3    1.000    0.450    10.11     4.06 8 #4 a 
0.125  m 

   -137.5      
47.8 

0.21  125  380 

4    1.000    0.450    10.11     4.06 8 #4 a 
0.125  m 

   -137.5      
47.8 

0.21  125  380 

 
  

wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Espaldón. Armadura vertical. Cara frontal 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis   Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk 

           

        Cara interior Cara exterior           

           

   (m)  (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm) 

           

1    0.000    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

2    0.000    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

3    0.000    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

4    0.000    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

5    1.000    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

     -5.1       
6.5 

0.01  300 

           

6    1.000    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

     45.8       
5.3 

0.00  300 

           

7    1.000    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

     27.8     -
10.5 

0.07  300 
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8    1.000    1.000    0.450     4.06     4.06 4 #4 a 
0.300  m 

     31.8     -
10.6 

0.07  300 

           

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Espaldón. Armadura horizontal. Cara frontal 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis   Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk 

           

        Cara interior Cara exterior           

           

   (m)  (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm) 

           

1    0.000    1.000    0.450    10.11     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

2    0.000    1.000    0.450    10.11     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

3    0.000    1.000    0.450    10.11     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

4    0.000    1.000    0.450    10.11     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

5    1.000    1.000    0.450    10.11     4.06 4 #4 a 
0.300  m 

   -137.5      
47.8 

0.02  300 

           

6    1.000    1.000    0.450    10.11     4.06 4 #4 a 
0.300  m 

     11.0       
1.0 

0.00  300 

           

7    1.000    1.000    0.450    10.11     4.06 4 #4 a 
0.300  m 

    -45.6      -
2.6 

0.14  300 

           

8    1.000    1.000    0.450    10.11     4.06 4 #4 a 
0.300  m 

    -17.9      -
2.5 

0.07  300 

           

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
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8.3    Aleta 1 

 
 
8.3.1    Esfuerzos de cálculo 
 
  
 

  
  

 
  
  
 

  -4.09 a   -0.00

  -0.00 a    0.00

   0.00 a    7.91

   7.91 a   15.82

  15.82 a   23.73

  23.73 a   31.65

  31.65 a   39.56

  39.56 a   47.47

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 1

  -3.87 a   -0.00

  -0.00 a    0.00

   0.00 a    9.05

   9.05 a   18.09

  18.09 a   27.14

  27.14 a   36.18

  36.18 a   45.23

  45.23 a   54.27

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 1
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8.3.2    Cálculo de E.L. de fisuración 
 
Aleta 1. Muro. Armadura vertical. Cara exterior 
 

Recubrimiento mecánico: 0.069  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    12.23     4.51 4 #4 a 
0.200  m 

    -81.2      
76.2 

0.00  200 36007 

2    1.000    0.500    12.23     4.51 4 #4 a 
0.200  m 

     99.5       
4.6 

0.00  200 1000 

 -19.19 a   -9.60

  -9.60 a   -0.00

  -0.00 a    0.00

   0.00 a   13.66

  13.66 a   27.32

  27.32 a   40.98

  40.98 a   54.65

  54.65 a   68.31

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 1

 -18.48 a   -9.24

  -9.24 a   -0.00

  -0.00 a    0.00

   0.00 a   15.32

  15.32 a   30.64

  30.64 a   45.96

  45.96 a   61.27

  61.27 a   76.59

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 202 DE 472 

 

 

3    1.000    0.500    12.23     4.51 4 #4 a 
0.200  m 

     -5.2     -
19.3 

0.12  200 1148 

4    1.000    0.500    12.23     4.51 4 #4 a 
0.200  m 

     -2.6     -
19.2 

0.11  200 1186 

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 1. Muro. Armadura horizontal. Cara exterior 
 

Recubrimiento mecánico: 0.050  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500     7.70     4.51 4 #4 a 
0.200  m 

    -50.1      
48.8 

0.00  200 1000 

2    1.000    0.500     7.70     4.51 4 #4 a 
0.200  m 

     45.2       
1.7 

0.00  200 1000 

3    1.000    0.500     7.70     4.51 4 #4 a 
0.200  m 

     -1.9      -
4.1 

0.02  200 6285 

4    1.000    0.500     7.70     4.51 4 #4 a 
0.200  m 

     -1.9      -
4.1 

0.02  200 6285 

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 1. Muro. Armadura vertical. Cara interior 
 

Recubrimiento mecánico: 0.075  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    12.23     4.51 5 #6 a 
0.200  m 

    -81.2      
76.2 

0.26  200  444 

2    1.000    0.500    12.23     4.51 5 #6 a 
0.200  m 

     99.5       
4.6 

0.00  200 1000 

3    1.000    0.500    12.23     4.51 5 #6 a 
0.200  m 

    -79.3      
76.5 

0.26  200  445 

4    1.000    0.500    12.23     4.51 5 #6 a 
0.200  m 

    -69.6      
76.6 

0.25  200  457 
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wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 1. Muro. Armadura horizontal. Cara interior (zona inferior) 
 

Recubrimiento mecánico: 0.058  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500     7.70     4.51 4 #5 a 
0.200  m 

    -50.1      
48.8 

0.20  200  602 

2    1.000    0.500     7.70     4.51 4 #5 a 
0.200  m 

     45.2       
1.7 

0.00  200 1000 

3    1.000    0.500     7.70     4.51 4 #5 a 
0.200  m 

    -48.3      
54.2 

0.21  200  546 

4    1.000    0.500     7.70     4.51 4 #5 a 
0.200  m 

    -42.8      
54.3 

0.21  200  558 

 
  

wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
 

8.4    Aleta2 

 

 
8.4.1    Esfuerzos de cálculo 
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  -4.07 a   -0.00

  -0.00 a    0.00

   0.00 a    7.66

   7.66 a   15.32

  15.32 a   22.98

  22.98 a   30.64

  30.64 a   38.30

  38.30 a   45.96

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 2

  -3.85 a   -0.00

  -0.00 a    0.00

   0.00 a    8.86

   8.86 a   17.71

  17.71 a   26.57

  26.57 a   35.43

  35.43 a   44.28

  44.28 a   53.14

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 2
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8.4.2    Cálculo de E.L. de fisuración 
 
Aleta 2. Muro. Armadura vertical. Cara exterior 
 

Recubrimiento mecánico: 0.069  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    12.20     4.51 4 #4 a 
0.200  m 

    -80.2      
76.3 

0.00  200 37040 

2    1.000    0.500    12.20     4.51 4 #4 a 
0.200  m 

    101.0       
4.6 

0.00  200 1000 

 -19.15 a   -9.58

  -9.58 a   -0.00

  -0.00 a    0.00

   0.00 a   13.58

  13.58 a   27.15

  27.15 a   40.73

  40.73 a   54.31

  54.31 a   67.88

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 2

 -18.47 a   -9.24

  -9.24 a   -0.00

  -0.00 a    0.00

   0.00 a   15.32

  15.32 a   30.65

  30.65 a   45.97

  45.97 a   61.29

  61.29 a   76.61

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 2
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3    1.000    0.500    12.20     4.51 4 #4 a 
0.200  m 

     -4.9     -
19.2 

0.12  200 1152 

4    1.000    0.500    12.20     4.51 4 #4 a 
0.200  m 

     -2.8     -
19.2 

0.11  200 1186 

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 2. Muro. Armadura horizontal. Cara exterior 
 

Recubrimiento mecánico: 0.050  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500     7.57     4.51 4 #4 a 
0.200  m 

    -50.4      
52.6 

0.00  200 1000 

2    1.000    0.500     7.57     4.51 4 #4 a 
0.200  m 

     45.1       
1.7 

0.00  200 1000 

3    1.000    0.500     7.57     4.51 4 #4 a 
0.200  m 

     -1.9      -
4.1 

0.02  200 6324 

4    1.000    0.500     7.57     4.51 4 #4 a 
0.200  m 

     -1.9      -
4.1 

0.02  200 6324 

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 2. Muro. Armadura vertical. Cara interior 
 

Recubrimiento mecánico: 0.075  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    12.20     4.51 5 #6 a 
0.200  m 

    -80.2      
76.3 

0.26  200  445 

2    1.000    0.500    12.20     4.51 5 #6 a 
0.200  m 

    101.0       
4.6 

0.00  200 1000 

3    1.000    0.500    12.20     4.51 5 #6 a 
0.200  m 

    -78.3      
76.6 

0.26  200  445 

4    1.000    0.500    12.20     4.51 5 #6 a 
0.200  m 

    -75.6      
76.6 

0.26  200  449 

 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 207 DE 472 

 

 

wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 2. Muro. Armadura horizontal. Cara interior (zona inferior) 
 

Recubrimiento mecánico: 0.058  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500     7.57     4.51 4 #5 a 
0.200  m 

    -50.4      
52.6 

0.21  200  558 

2    1.000    0.500     7.57     4.51 4 #5 a 
0.200  m 

     45.1       
1.7 

0.00  200 1000 

3    1.000    0.500     7.57     4.51 4 #5 a 
0.200  m 

    -47.2      
53.1 

0.21  200  560 

4    1.000    0.500     7.57     4.51 4 #5 a 
0.200  m 

    -47.2      
53.1 

0.21  200  560 

 
  

wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
 

8.5    Resumen de verificaciones 

 

 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Pilotes. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Zapata. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Muro frontal. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Aleta 1. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Aleta 2. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Losa de transición. Verifica la comprobación. 
 
 
Zapata : 
 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Zapata. Verifica la comprobación. 
 
 
Muro frontal : 
 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Muro frontal. Verifica la comprobación. 
 
 
Aleta 1 : 
 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Aleta 1. Verifica la comprobación. 
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Aleta 2 : 
 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Aleta 2. Verifica la comprobación. 
 
 

9    ESTADO LíMITE DE CORTANTE 
 

 

9.1    Zapata 
 

 
9.1.1    Esfuerzos de cálculo 
 
  
 

  
  

 
  

-163.63 a -122.72

-122.72 a  -81.82

 -81.82 a  -40.91

 -40.91 a   -0.00

  -0.00 a    0.00

   0.00 a   19.53

  19.53 a   39.06

  39.06 a   58.59

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je longitudinal mínimo

Zapata

 -60.60 a  -40.40

 -40.40 a  -20.20

 -20.20 a   -0.00

  -0.00 a    0.00

   0.00 a   40.77

  40.77 a   81.55

  81.55 a  122.32

 122.32 a  163.09

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je longitudinal máx imo

Zapata
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-271.19 a -216.95

-216.95 a -162.72

-162.72 a -108.48

-108.48 a  -54.24

 -54.24 a   -0.00

  -0.00 a    0.00

   0.00 a   27.55

  27.55 a   55.10

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je trans v ers al mínimo

Zapata

-128.14 a  -85.43

 -85.43 a  -42.71

 -42.71 a   -0.00

  -0.00 a    0.00

   0.00 a   28.14

  28.14 a   56.27

  56.27 a   84.41

  84.41 a  112.55

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je trans v ers al máx imo

Zapata
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-158.66 a -119.00

-119.00 a  -79.33

 -79.33 a  -39.67

 -39.67 a   -0.00

  -0.00 a    0.00

   0.00 a   19.38

  19.38 a   38.75

  38.75 a   58.13

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je longitudinal mínimo

Zapata

 -40.67 a  -20.33

 -20.33 a   -0.00

  -0.00 a    0.00

   0.00 a   25.85

  25.85 a   51.71

  51.71 a   77.56

  77.56 a  103.41

 103.41 a  129.27

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je longitudinal máx imo

Zapata
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9.1.2    Comprobación de las bielas de compresión 
 
  
 

-286.29 a -229.03

-229.03 a -171.77

-171.77 a -114.51

-114.51 a  -57.26

 -57.26 a   -0.00

  -0.00 a    0.00

   0.00 a   25.73

  25.73 a   51.45

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je trans v ers al mínimo

Zapata

-125.88 a  -83.92

 -83.92 a  -41.96

 -41.96 a   -0.00

  -0.00 a    0.00

   0.00 a   33.05

  33.05 a   66.09

  66.09 a   99.14

  99.14 a  132.19

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je trans v ers al máx imo

Zapata
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9.1.3    Armaduras de cortante  
 
  
 

  
  
 

-0.000 a  0.000

 0.000 a  0.004

 0.004 a  0.009

 0.009 a  0.013

 0.013 a  0.017

 0.017 a  0.022

 0.022 a  0.026

 0.026 a  0.030

EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

C omprobac ión s obre las  bie las  de  c ompres ión

Zapata

  -0.0 a    0.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura de c álc ulo de c or tante

Zapata
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9.2    Muro frontal 
 

 
9.2.1    Esfuerzos de cálculo 
 
  
 

  
  
 

  -0.0 a    0.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura mínima de c or tante

Zapata

-216.36 a -162.27

-162.27 a -108.18

-108.18 a  -54.09

 -54.09 a   -0.00

  -0.00 a    0.00

   0.00 a   37.50

  37.50 a   74.99

  74.99 a  112.49

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal mínimo

Muro frontal
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-115.75 a  -77.17

 -77.17 a  -38.58

 -38.58 a   -0.00

  -0.00 a    0.00

   0.00 a   52.78

  52.78 a  105.57

 105.57 a  158.35

 158.35 a  211.14

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal máx imo

Muro frontal

 -74.66 a  -49.77

 -49.77 a  -24.89

 -24.89 a   -0.00

  -0.00 a    0.00

   0.00 a   21.14

  21.14 a   42.28

  42.28 a   63.43

  63.43 a   84.57

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al mínimo

Muro frontal
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 -26.74 a  -13.37

 -13.37 a   -0.00

  -0.00 a    0.00

   0.00 a   32.22

  32.22 a   64.45

  64.45 a   96.67

  96.67 a  128.89

 128.89 a  161.12

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al máx imo

Muro frontal

-170.16 a -113.44

-113.44 a  -56.72

 -56.72 a   -0.00

  -0.00 a    0.00

   0.00 a   29.88

  29.88 a   59.76

  59.76 a   89.64

  89.64 a  119.51

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal mínimo

Muro frontal
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-123.35 a  -82.24

 -82.24 a  -41.12

 -41.12 a   -0.00

  -0.00 a    0.00

   0.00 a   39.74

  39.74 a   79.48

  79.48 a  119.22

 119.22 a  158.97

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal máx imo

Muro frontal

 -74.48 a  -49.65

 -49.65 a  -24.83

 -24.83 a   -0.00

  -0.00 a    0.00

   0.00 a   20.33

  20.33 a   40.66

  40.66 a   61.00

  61.00 a   81.33

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al mínimo

Muro frontal
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9.2.2    Comprobación de las bielas de compresión 
 
  
 

  
 
9.2.3    Armaduras de cortante  
 
  
 

 -28.42 a  -14.21

 -14.21 a   -0.00

  -0.00 a    0.00

   0.00 a   28.02

  28.02 a   56.05

  56.05 a   84.07

  84.07 a  112.09

 112.09 a  140.12

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al máx imo

Muro frontal

 0.001 a  0.013

 0.013 a  0.025

 0.025 a  0.037

 0.037 a  0.049

 0.049 a  0.060

 0.060 a  0.072

 0.072 a  0.084

 0.084 a  0.096

EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

C omprobac ión s obre las  bie las  de  c ompres ión

Muro frontal
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9.3    Aleta 1 

 
 
9.3.1    Esfuerzos de cálculo 
 
  
 

  -0.0 a    0.0

   0.0 a    1.6

   1.6 a    3.1

   3.1 a    4.7

   4.7 a    6.3

   6.3 a    7.8

   7.8 a    9.4

   9.4 a   11.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura de c álc ulo de c or tante

Muro frontal

  -0.0 a    0.0

   0.0 a    1.6

   1.6 a    3.1

   3.1 a    4.7

   4.7 a    6.3

   6.3 a    7.8

   7.8 a    9.4

   9.4 a   11.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura mínima de c or tante

Muro frontal
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-120.03 a  -96.02

 -96.02 a  -72.02

 -72.02 a  -48.01

 -48.01 a  -24.01

 -24.01 a   -0.00

  -0.00 a    0.00

   0.00 a   12.31

  12.31 a   24.62

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal mínimo

Aleta 1

 -60.22 a  -40.15

 -40.15 a  -20.07

 -20.07 a   -0.00

  -0.00 a    0.00

   0.00 a   11.66

  11.66 a   23.32

  23.32 a   34.98

  34.98 a   46.64

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal máx imo

Aleta 1
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-134.65 a  -89.76

 -89.76 a  -44.88

 -44.88 a   -0.00

  -0.00 a    0.00

   0.00 a   24.10

  24.10 a   48.20

  48.20 a   72.30

  72.30 a   96.40

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al mínimo

Aleta 1

 -72.84 a  -48.56

 -48.56 a  -24.28

 -24.28 a   -0.00

  -0.00 a    0.00

   0.00 a   40.40

  40.40 a   80.79

  80.79 a  121.19

 121.19 a  161.58

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al máx imo

Aleta 1
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-109.05 a  -87.24

 -87.24 a  -65.43

 -65.43 a  -43.62

 -43.62 a  -21.81

 -21.81 a   -0.00

  -0.00 a    0.00

   0.00 a   13.06

  13.06 a   26.13

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal mínimo

Aleta 1

 -54.93 a  -36.62

 -36.62 a  -18.31

 -18.31 a   -0.00

  -0.00 a    0.00

   0.00 a    8.92

   8.92 a   17.84

  17.84 a   26.77

  26.77 a   35.69

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal máx imo

Aleta 1
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9.3.2    Comprobación de las bielas de compresión 
 
  
 

-100.59 a  -67.06

 -67.06 a  -33.53

 -33.53 a   -0.00

  -0.00 a    0.00

   0.00 a   24.69

  24.69 a   49.38

  49.38 a   74.07

  74.07 a   98.77

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al mínimo

Aleta 1

 -78.95 a  -52.63

 -52.63 a  -26.32

 -26.32 a   -0.00

  -0.00 a    0.00

   0.00 a   31.32

  31.32 a   62.63

  62.63 a   93.95

  93.95 a  125.26

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al máx imo

Aleta 1
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9.3.3    Armaduras de cortante  
 
  
 

  
  
 

 0.001 a  0.011

 0.011 a  0.022

 0.022 a  0.033

 0.033 a  0.043

 0.043 a  0.054

 0.054 a  0.065

 0.065 a  0.075

 0.075 a  0.086

EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

C omprobac ión s obre las  bie las  de  c ompres ión

Aleta 1

  -0.0 a    0.0

   0.0 a    1.6

   1.6 a    3.1

   3.1 a    4.7

   4.7 a    6.3

   6.3 a    7.8

   7.8 a    9.4

   9.4 a   11.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura de c álc ulo de c or tante

Aleta 1
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9.4    Aleta2 
 

 
9.4.1    Esfuerzos de cálculo 
 
  
 

  
  
 

  -0.0 a    0.0

   0.0 a    1.6

   1.6 a    3.1

   3.1 a    4.7

   4.7 a    6.3

   6.3 a    7.8

   7.8 a    9.4

   9.4 a   11.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura mínima de c or tante

Aleta 1

 -46.65 a  -31.10

 -31.10 a  -15.55

 -15.55 a   -0.00

  -0.00 a    0.00

   0.00 a   14.93

  14.93 a   29.86

  29.86 a   44.78

  44.78 a   59.71

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal mínimo

Aleta 2
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 -24.35 a  -12.18

 -12.18 a   -0.00

  -0.00 a    0.00

   0.00 a   24.13

  24.13 a   48.25

  48.25 a   72.38

  72.38 a   96.50

  96.50 a  120.63

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal máx imo

Aleta 2

-120.98 a  -80.66

 -80.66 a  -40.33

 -40.33 a   -0.00

  -0.00 a    0.00

   0.00 a   24.10

  24.10 a   48.19

  48.19 a   72.29

  72.29 a   96.38

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al mínimo

Aleta 2
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 -65.27 a  -43.51

 -43.51 a  -21.76

 -21.76 a   -0.00

  -0.00 a    0.00

   0.00 a   40.35

  40.35 a   80.69

  80.69 a  121.04

 121.04 a  161.38

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al máx imo

Aleta 2

 -35.58 a  -23.72

 -23.72 a  -11.86

 -11.86 a   -0.00

  -0.00 a    0.00

   0.00 a   15.28

  15.28 a   30.56

  30.56 a   45.84

  45.84 a   61.11

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal mínimo

Aleta 2
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 -25.99 a  -13.00

 -13.00 a   -0.00

  -0.00 a    0.00

   0.00 a   19.88

  19.88 a   39.76

  39.76 a   59.64

  59.64 a   79.52

  79.52 a   99.40

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal máx imo

Aleta 2

 -91.42 a  -60.95

 -60.95 a  -30.47

 -30.47 a   -0.00

  -0.00 a    0.00

   0.00 a   24.62

  24.62 a   49.24

  49.24 a   73.86

  73.86 a   98.48

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al mínimo

Aleta 2
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9.4.2    Comprobación de las bielas de compresión 
 
  
 

  
 
9.4.3    Armaduras de cortante  
 
  
 

 -69.80 a  -46.53

 -46.53 a  -23.27

 -23.27 a   -0.00

  -0.00 a    0.00

   0.00 a   31.33

  31.33 a   62.66

  62.66 a   93.98

  93.98 a  125.31

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al máx imo

Aleta 2

 0.001 a  0.010

 0.010 a  0.020

 0.020 a  0.030

 0.030 a  0.040

 0.040 a  0.050

 0.050 a  0.060

 0.060 a  0.070

 0.070 a  0.080

EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

C omprobac ión s obre las  bie las  de  c ompres ión

Aleta 2
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9.5    Resumen de verificaciones 

 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Pilotes. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Losa de transición. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Pilotes. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Losa de transición. Verifica la comprobación. 

  -0.0 a    0.0

   0.0 a    1.6

   1.6 a    3.1

   3.1 a    4.7

   4.7 a    6.3

   6.3 a    7.8

   7.8 a    9.4

   9.4 a   11.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura de c álc ulo de c or tante

Aleta 2

  -0.0 a    0.0

   0.0 a    1.6

   1.6 a    3.1

   3.1 a    4.7

   4.7 a    6.3

   6.3 a    7.8

   7.8 a    9.4

   9.4 a   11.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura mínima de c or tante

Aleta 2
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Zapata : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
 
 
Muro frontal : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
 
 
Aleta 1 : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
 
 
Aleta 2 : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
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4.2. CABALLETE 2 

 

 

1    DEFINICIóN DEL PROYECTO 
 

 
1.1    Ámbito normativo 

 
AASHTO-LRFD - S1. Introducción. 2017 
AASHTO-LRFD - S2. Características generales de diseño y ubicación. 2017 
AASHTO-LRFD - S3. Cargas y factores de carga. 2017 
AASHTO-LRFD - S4. Análisis y evaluación estructural. 2017 
AASHTO-LRFD - S5. Estructuras de hormigón. 2017 
AASHTO-LRFD - S9. Tableros y sistemas de tableros. 2017 
AASHTO-LRFD - S10. Cimentaciones. 2017 
AASHTO-LRFD - S11. Muros, estribos y pilas. 2017 
AASHTO-LRFD - S12. Estructuras enterradas y revestimientos para túneles. 2017 
AASHTO-LRFD - S14. Juntas y apoyos. 2017 
 

1.2    Geometría 
 

 
1.2.1    Zapata 
 
  

 
  

Canto de la zapata  :     1.200  m 

Cota de la cara superior de la zapata  :     0.000  m 

Espesor de la capa de nivelación  :     0.100  m 

 
 
1.2.2    Muro frontal 
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1.2.3    Cargadero 
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Z1  :     5.320  m 

Z2  :     5.130  m 

Z3  :     5.130  m 

Z4  :     5.130  m 

Z5  :     5.320  m 

 

E1  :     0.400  m 

E2  :     8.500  m 

E3  :     0.400  m 

 

p1  :   0.0  % 

p2  :   0.0  % 

   :  100.000  g 
 
 
1.2.4    Espaldón 
 
  

 
  

Z1  :     6.950  m 

Z2  :     6.950  m 

 
 
1.2.5    Apoyos 
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D  :     0.800  m 

R  :     0.050  m 

P  :   0.0   

 

Apoyo Di H Zn  A B 

  (m)  (m)  (m)  (m)  (m) 

1 4.270 0.100 5.340 0.400 0.300 

2 8.460 0.100 5.340 0.400 0.300 

 
 

1.2.6    Aleta 1 
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E1  :     0.500  m 

 
 
1.2.7    Aleta 2 
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E1  :     0.500  m 

 
 

1.3    Fases constructivas 
 

 
No se considera en el cálculo la fase de construcción. 
Se considera en el cálculo la fase de servicio. 
No se considera en el cálculo la fase a tiempo infinito. 
 

1.4    Terreno 

 
 
Definición de las cotas del terreno 
  
 

  
 
Definición de parámetros geotécnicos de las capas del terreno 
 

Capa Nombre Tipo Cota inferior Densidad natural Densidad saturada Densidad seca 

    (m)  (kN/m3)  (kN/m3)  (kN/m3) 

4.200

6.950

-1.150

TERRENO
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1 Relleno Granular    -1.150 18.0 20.0 16.0 

2 Terreno Granular -10000.000 20.0 22.0 18.0 

 
Capa Nombre Tipo Ángulo de rozamiento Cohesión Presión de hundimiento 

    (º)  (kN/m2)  (kN/m2) 

1 Relleno Granular 30.0 0.0   0.0 

2 Terreno Granular 30.0 0.0 390.0 

 
 

Definición de los parámetros contacto hormigón-terreno 
 

Capa Nombre Áng. roz. zapata-terreno Adherencia Áng. roz. alzado-terreno 

   (º)  (kN/m2)  (º) 

1 Relleno 20.0 0.0 0.0 

2 Terreno 20.0 0.0 0.0 

 

Coeficiente de balasto vertical   :     10000  kN/m3 
 
 

1.5    Materiales 
 

 
1.5.1    Hormigón Alzado 
 
 

Denominación: C30 

      Resistencia a compresión, f'c  :    30.0  MPa 

      Módulo de rotura, fr  :    -3.5  MPa 

      Resistencia a la tracción directa, fr  :    -3.3  MPa 

      Módulo elástico longitudinal, Ec  :  30242.7  MPa 

      Coeficiente de Poisson,   :  0.20   

      Peso específico,   :  23.6  kN/m3 

      Coeficiente de la naturaleza del árido,   :  1.0   

      Coeficiente de dilatación térmica,   :  0.00001080  ºC-1 
 
Diagrama rectangular: 
     Coeficiente profundidad del bloque de compresión, 1  :  0.83   

     Coeficiente intensidad del bloque de compresión,   :  0.85   

 
Tipo de hormigón: Hormigón de densidad normal 
 
 
1.5.2    Hormigón Zapata 
 
 

Denominación: C30 

      Resistencia a compresión, f'c  :    30.0  MPa 

      Módulo de rotura, fr  :    -3.5  MPa 

      Resistencia a la tracción directa, fr  :    -3.3  MPa 

      Módulo elástico longitudinal, Ec  :  30242.7  MPa 

      Coeficiente de Poisson,   :  0.20   

      Peso específico,   :  23.6  kN/m3 

      Coeficiente de la naturaleza del árido,   :  1.0   

      Coeficiente de dilatación térmica,   :  0.00001080  ºC-1 
 
Diagrama rectangular: 
     Coeficiente profundidad del bloque de compresión, 1  :  0.83   

     Coeficiente intensidad del bloque de compresión,   :  0.85   

 
Tipo de hormigón: Hormigón de densidad normal 
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1.5.3    Hormigón Capa de nivelación 
 
 

Denominación: C20 

      Resistencia a compresión, f'c  :    20.0  MPa 

 
 
1.5.4    Armadura pasiva Alzado 
 
 

Denominación: Grado 60 ASTM A-615 

      Tensión de fluencia nominal, fy  :     414  MPa 

      Tensión máxima, fymax  :     621  MPa 

      Módulo de elasticidad, Es  :  199947  MPa 

      Deformación última en compresión, max,1  :   0.01000   

      Deformación última en tracción, max,2  :  -0.01000   

      Densidad del acero,    :  77.0  kN/m3 
 
 
1.5.5    Armadura pasiva Zapata 
 
 

Denominación: Grado 60 ASTM A-615 

      Tensión de fluencia nominal, fy  :     414  MPa 

      Tensión máxima, fymax  :     621  MPa 

      Módulo de elasticidad, Es  :  199947  MPa 

      Deformación última en compresión, max,1  :   0.01000   

      Deformación última en tracción, max,2  :  -0.01000   

      Densidad del acero,    :  77.0  kN/m3 
 
 

1.6    Fisuración 

 
Alzado 
      Clase de exposición: Ninguna+F0+S0+P0+C0 

      Factor de exposición  :  1.00   

 
Zapata 
      Clase de exposición: Ninguna+F0+S0+P0+C0 
      Factor de exposición  :  1.00   

 
 

1.7    Acciones 

 
 
1.7.1    Acciones permanentes en el estribo 
 
 
Terreno : 
 
Se considera el empuje al reposo en el terreno del trasdós. 
No se considera el empuje pasivo en el terreno del intradós. 
En fase de construcción el nivel de tierras en el trasdós llega hasta la coronación. 
No se considera la contribución del rozamiento terreno-terreno. 
 
1.7.2    Acciones variables en el estribo 
 
 
Sobrecarga en terraplén : 
 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 239 DE 472 

 

 

Sobrecarga en terraplén en fase de servicio   :     4.30  kN/m2 
 
 
Acción vertical de la rueda del vehículo sobre el espaldón 
 

Valor  :     0.00  kN 

 
 
1.7.3    Acciones accidentales en el estribo 
 
 
Sismo : 
 
Definición del sismo 
 
Definición de la acción sísmica : 
 

Aceleración sísmica, PGA   :  0.174  m/s2 

Factor de suelo, Fpga   :   1.000   

Aceleración de cálculo   :  0.174  m/s2 
 
 
La importancia de la estructura es esencial. 
 
Parámetros sísmicos del empuje de tierras 
 
 
 Coeficiente sísmico horizontal : 
 
 Kh =   · 1/r · F pga · PGA/g 

 r   :   1.000   

    :   1.000   

 
 Coeficiente sísmico vertical : 
 
 Kv =   · K h 

  :  0.000 

 
Empujes sísmicos sobre estructuras de contención de tierras : 
 
El agua intersticial vibra conjuntamente con el esqueleto sólido del suelo. 
 
1.7.4    Acciones permanentes en el tablero 
 
 
Definición de los ejes de las cargas del tablero : 
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 x y z 

  (m)  (m)  (m) 

Eje L 0.000 -1.000 0.000 

Eje T -1.000 0.000 0.000 

Eje V 0.000 0.000 -1.000 

 
 

Cargas : 
 

PP_Tab2 :  Peso propio. Tablero (incremento) . Fase: estribo en servicio 

DC :  Peso propio de los componentes estructurales y accesorios no estructurales  

 
 Acción Hip. Apoyo FL FT FV Tipo +/- 

        (kN)  (kN)  (kN)     
 PP_Tab2 1 1    0.00    0.00  305.20 Excluyentes No 
   1 2    0.00    0.00  316.20     
 DC 1 1    0.00    0.00   56.10 Excluyentes No 
   1 2    0.00    0.00   56.90     
 
 +/-  : indica si se consideran o no las acciones de signo contrario a las introducidas. 
 
 
1.7.5    Acciones variables en el tablero 
 
 
Definición de los ejes de las cargas del tablero : 
 
  
 

  

 x y z 

  (m)  (m)  (m) 
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Eje L 0.000 -1.000 0.000 

Eje T -1.000 0.000 0.000 

Eje V 0.000 0.000 -1.000 

 
 

Cargas : 
 

TE :  Temperatura. Efecto global  

TR :  Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico  

 

 Acción Hip. Apoyo FL FT FV Tipo +/- 

        (kN)  (kN)  (kN)     
 TE 1 1   33.90    0.00   48.60 Excluyentes Sí 
   1 2   35.60    0.00   57.10     
 TR 1 1    0.00    0.00  149.00 Excluyentes No 
   1 2    0.00    0.00  148.50     
 
 +/-  : indica si se consideran o no las acciones de signo contrario a las introducidas. 
 
 
1.7.6    Acciones accidentales en el tablero 
 
 
Definición de los ejes de las cargas del tablero : 
 
  
 

  

 x y z 

  (m)  (m)  (m) 

Eje L 0.000 -1.000 0.000 

Eje T -1.000 0.000 0.000 

Eje V 0.000 0.000 -1.000 

 
 

Cargas : 
 

SI_X :  Sismo. Sismo en el eje global X 

SI_Y :  Sismo. Sismo en el eje global Y 

 

 Acción Hip. Apoyo FL FT FV Tipo +/- 

        (kN)  (kN)  (kN)     
 SI_X 1 1   69.40  516.70  136.90 Excluyentes No 
   1 2   62.20  516.00   81.80     
 SI_Y 1 1  115.30  302.80  144.10 Excluyentes No 
   1 2  116.80  302.80  144.20     
 
 +/-  : indica si se consideran o no las acciones de signo contrario a las introducidas. 
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Combinaciones de sismo : 
 
Combinación 1: 
SI1  =   1.0 · SI_L  +   0.3 · SI_T   +   0.3 · SI_V  

 
Combinación 2: 

SI2  =   0.3 · SI_L  +   1.0 · SI_T   +   0.3 · SI_V 

 
Combinación 3: 

SI3  =   0.3 · SI_L  +   0.3 · SI_T    +   1.0 · SI_V 

 
Tipos de combinaciones consideradas de sismo: 
 
SI1: Combinación nº1 de sismo 

SI2: Combinación nº2 de sismo 

SI3: Combinación nº3 de sismo 

 
SI_L, SI_T, SI_V: hipótesis de sismo en las direcciones longitudinal, transversal y vertical 
 

1.8    Seguridad 

 
Estado límite de servicio 

 Combinación de Servicio I 

 Coeficiente favorable Coeficiente desfavorable 

Peso propio. Estribo 1.00 1.00 

Peso propio. Tablero. Fase de construcción  1.00 1.00 

Peso propio de los componentes estructurales y accesorios no 
estructurales  

1.00 1.00 

Peso propio de las superficies de rodamiento e instalaciones para 
servicios públicos 

1.00 1.00 

Descensos de apoyo. Instantáneo 0.00 1.00 

Reología. Retracción 1.00 1.00 

Reología. Fluencia 1.00 1.00 

Pretensado. Fase de construcción 1.00 1.00 

Pérdidas de pretensado totales 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 1.00 1.00 

Terreno. Tierras. Empuje pasivo 1.00 1.00 

Terreno. Tierras. Peso propio 1.00 1.00 

Terreno. Fricción negativa 0.00 1.00 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje 0.00 1.00 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical 0.00 1.00 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico  0.00 1.00 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico 
vertical  

0.00 1.00 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Componentes de los modelos. Frenado/arranque 

0.00 1.00 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Componentes de los modelos. Fuerza centrífuga 

0.00 1.00 

Viento sobre la estructura 0.00 1.00 

Viento sobre la sobrecarga 0.00 1.00 

Temperatura. Efecto global  0.00 1.20 

Temperatura. Aumento uniforme de temperatura 0.00 1.20 

Temperatura. Gradiente térmico 0.00 0.50 

Temperatura. Gradiente térmico 0.00 1.00 

Acción del agua. Nivel freático. Efecto global. 0.00 1.00 

Sismo. Efecto global 0.00 0.00 

Impacto. Vehículos de carretera. Contra las aletas 0.00 0.00 
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Estado límite de resistencia 

 
Estado Límite de 

resistencia I 
Estado Límite de 

resistencia III 
Estado Límite de 

resistencia V 

 
Coeficiente 
favorable 

Coeficiente 
desfavorabl

e 

Coeficiente 
favorable 

Coeficiente 
desfavorabl

e 

Coeficiente 
favorable 

Coeficiente 
desfavorabl

e 

Peso propio. Estribo 0.90 1.25 0.90 1.25 0.90 1.25 

Peso propio. Tablero. Fase de construcción  0.90 1.25 0.90 1.25 0.90 1.25 

Peso propio de los componentes estructurales y 
accesorios no estructurales  

0.90 1.25 0.90 1.25 0.90 1.25 

Peso propio de las superficies de rodamiento e 
instalaciones para servicios públicos 

0.65 1.50 0.65 1.50 0.65 1.50 

Descensos de apoyo. Instantáneo 0.00 1.00 0.00 1.00 0.00 1.00 

Reología. Retracción 1.00 1.00 1.00 1.00 1.00 1.00 

Reología. Fluencia 1.00 1.00 1.00 1.00 1.00 1.00 

Pretensado. Fase de construcción 1.00 1.00 1.00 1.00 1.00 1.00 

Pérdidas de pretensado totales 1.00 1.00 1.00 1.00 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 0.90 1.50 0.90 1.50 0.90 1.50 

Terreno. Tierras. Empuje en trasdós 0.90 1.35 0.90 1.35 0.90 1.35 

Terreno. Tierras. Empuje pasivo 1.00 1.00 1.00 1.00 1.00 1.00 

Terreno. Tierras. Peso propio 1.00 1.35 1.00 1.35 1.00 1.35 

Terreno. Fricción negativa 0.25 1.40 0.25 1.40 0.25 1.40 

Sobrecargas de uso. Sobrecargas en terraplén. 
Empuje 

0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas en terraplén. 
Acción vertical 

0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Tráfico  

0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Tráfico vertical  

0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Componentes de los modelos. Frenado/arranque 

0.00 1.75 0.00 0.00 0.00 1.35 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Componentes de los modelos. Fuerza centrífuga 

0.00 1.75 0.00 0.00 0.00 1.35 

Viento sobre la estructura 0.00 0.00 0.00 1.00 0.00 1.00 

Viento sobre la sobrecarga 0.00 0.00 0.00 0.00 0.00 1.00 

Temperatura. Efecto global  0.00 1.20 0.00 1.20 0.00 1.20 

Temperatura. Aumento uniforme de temperatura 0.00 1.20 0.00 1.20 0.00 1.20 

Temperatura. Gradiente térmico 0.00 1.50 0.00 0.00 0.00 0.00 

Temperatura. Gradiente térmico 0.00 1.50 0.00 0.00 0.00 0.00 

Acción del agua. Nivel freático. Efecto global. 0.00 1.00 0.00 1.00 0.00 1.00 

Sismo. Efecto global 0.00 0.00 0.00 0.00 0.00 0.00 

Impacto. Vehículos de carretera. Contra las aletas 0.00 0.00 0.00 0.00 0.00 0.00 

 
 
 

Estado límite de Evento Extremo 

 
Combinación de Evento 

Extremo I 
Combinación de Evento 

Extremo II 

 
Coeficiente 
favorable 

Coeficiente 
desfavorabl

e 

Coeficiente 
favorable 

Coeficiente 
desfavorabl

e 

Peso propio. Estribo 0.90 1.25 0.90 1.25 

Peso propio. Tablero. Fase de construcción  0.90 1.25 0.90 1.25 

Peso propio de los componentes estructurales y 
accesorios no estructurales  

1.00 1.00 1.00 1.00 

Peso propio de las superficies de rodamiento e 
instalaciones para servicios públicos 

1.00 1.00 1.00 1.00 

Descensos de apoyo. Instantáneo 0.00 0.00 0.00 0.00 

Reología. Retracción 1.00 1.00 1.00 1.00 

Reología. Fluencia 1.00 1.00 1.00 1.00 

Pretensado. Fase de construcción 1.00 1.00 1.00 1.00 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 244 DE 472 

 

 

Pérdidas de pretensado totales 1.00 1.00 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 1.00 1.00 1.00 1.00 

Terreno. Tierras. Empuje en trasdós 1.00 1.00 1.00 1.00 

Terreno. Tierras. Empuje pasivo 1.00 1.00 1.00 1.00 

Terreno. Tierras. Peso propio 1.00 1.35 1.00 1.35 

Terreno. Fricción negativa 1.00 1.00 1.00 1.00 

Sobrecargas de uso. Sobrecargas en terraplén. 
Empuje 

0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas en terraplén. 
Acción vertical 

0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Tráfico  

0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Tráfico vertical  

0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Componentes de los modelos. Frenado/arranque 

0.00 1.00 0.00 0.50 

Sobrecargas de uso. Sobrecargas de uso en tablero. 
Componentes de los modelos. Fuerza centrífuga 

0.00 1.00 0.00 0.50 

Viento sobre la estructura 0.00 0.00 0.00 0.00 

Viento sobre la sobrecarga 0.00 0.00 0.00 0.00 

Temperatura. Efecto global  0.00 0.00 0.00 0.00 

Temperatura. Aumento uniforme de temperatura 0.00 0.00 0.00 0.00 

Temperatura. Gradiente térmico 0.00 0.00 0.00 0.00 

Temperatura. Gradiente térmico 0.00 0.00 0.00 0.00 

Acción del agua. Nivel freático. Efecto global. 0.00 1.00 0.00 1.00 

Sismo. Efecto global 1.00 1.00 0.00 0.00 

Impacto. Vehículos de carretera. Contra las aletas 0.00 0.00 1.00 1.00 

 
 
 

Factores de resistencia a flexión 

    Resistencia Evento extremo 

Control por 
compresión 

Deformación Armadura pasiva cf min    -0.002 -0.002 

   cf max    -0.004 -0.004 

  Armadura activa cf    -0.002 -0.002 

 Factor de resistencia Caso general c     0.750 0.750 

  Columnas c  0.900 

Control por 
tracción 

Deformación Armadura pasiva tf min    -0.005 -0.005 

   tf max    -0.008 -0.008 

  Armadura activa tf    -0.005 -0.005 

 Factor de resistencia Armadura pasiva Densidad normal     0.900 0.900 

   Hormigón ligero     0.900 0.900 

  Armadura activa Densidad normal     1.000 1.000 

   Hormigón ligero     1.000 1.000 

 
 

Factores de resistencia a cortante y torsión 
 
Secciones adherentes      :  Secciones monolíticas de hormigón pretensado o elementos con juntas si los tendones son adherentes 
Secciones no adherentes : Secciones monolíticas de hormigón pretensado o elementos con juntas si los tendones son no adherentes 
 

  Resistencia Evento extremo 

Hormigón armado Densidad normal 0.900 0.900 

 Hormigón ligero 0.900 0.900 

Secciones adherentes Densidad normal 0.900 0.900 

 Hormigón ligero 0.900 0.900 

Secciones no adherentes Densidad normal 0.850 0.850 

 Hormigón ligero 0.850 0.850 
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Movimientos admisibles  
 
Desplazamiento máximo horizontal en coronación  :    100  mm 

Desplazamiento máximo vertical en coronación  :     50  mm 

Desplazamiento máximo vertical en la zapata/encepado  :     50  mm 

 
 
 
 
 
Combinaciones de acciones 
 
PP_Est: Peso propio. Estribo 
PP_Tab2: Peso propio. Tablero (incremento) . Fase: estribo en servicio 
DC: Peso propio de los componentes estructurales y accesorios no estructurales  
PT2: Terreno. Tierras. Peso propio 
Emp_T2_ER: Terreno. Tierras. Empuje en trasdós 
TR: Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico  
TE: Temperatura. Efecto global  
SR2_Emp: Sobrecargas de uso. Sobrecargas en terraplén. Empuje 
SR2_V: Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical 
SI: Sismo. Efecto global 
 
 Estado límite: Estado límite de deslizamiento zapata - terreno 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia I 
 Instante: Estructura en servicio 
 
EST-R1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia III 
 Instante: Estructura en servicio 
 
EST-R3-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia V 
 Instante: Estructura en servicio 
 
EST-R5-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Combinación de Evento Extremo I. Sísmica 
 Instante: Estructura en servicio 
 
EST-E1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR +  SI 
 
 Estado límite: Estado límite de vuelco rígido 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia I 
 Instante: Estructura en servicio 
 
EST-R1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia III 
 Instante: Estructura en servicio 
 
EST-R3-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia V 
 Instante: Estructura en servicio 
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EST-R5-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Combinación de Evento Extremo I. Sísmica 
 Instante: Estructura en servicio 
 
EST-E1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR +  SI 
 
 Estado límite: EL Hundimiento del terreno 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia I 
 Instante: Estructura en servicio 
 
EST-R1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia III 
 Instante: Estructura en servicio 
 
EST-R3-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Resistencia 
 Combinación: Combinación de Resistencia V 
 Instante: Estructura en servicio 
 
EST-R5-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Combinación de Evento Extremo I. Sísmica 
 Instante: Estructura en servicio 
 
EST-E1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR +  SI 
 
 Estado límite: Estado límite geotécnico de servicio de asientos 
 Situación: Estado límite de Servicio 
 Combinación: Combinación de Servicio I 
 Instante: Estructura en servicio 
 
EST-S1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Estado límite: EL Rotura por flexión 
 Situación: Estado límite de Resistencia 
 Combinación: Envolvente global 
 Instante: Envolvente global 
 
EST-R-EG-1 =  
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Envolvente global 
 Instante: Envolvente global 
 
EST-E-EG-1 =  
 
 Estado límite: EL Fisuración 
 Situación: Estado límite de Servicio 
 Combinación: Combinación de Servicio I 
 Instante: Estructura en servicio 
 
EST-S1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 Estado límite: EL Rotura por cortante 
 Situación: Estado límite de Resistencia 
 Combinación: Envolvente global 
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 Instante: Envolvente global 
 
EST-R-EG-1 =  
 
 Situación: Estado límite de Evento Extremo 
 Combinación: Envolvente global 
 Instante: Envolvente global 
 
EST-E-EG-1 =  
 
 Estado límite: EL Deformaciones 
 Situación: Estado límite de Servicio 
 Combinación: Combinación de Servicio I 
 Instante: Estructura en servicio 
 
EST-S1-SV-1 =  PT2 +  Emp_T2_ER +  PP_Est +  PP_Tab2 +  DC +  SR2_Emp +  SR2_V +  TE +  TR 
 
 

1.9    Armadura 

 

 
1.10    Recubrimientos geométricos 

 
Alzado :   50  mm 

Zapata :   50  mm 

 
 

1.11    Configuración del cálculo 
 

 
Método de distribución de tensiones uniforme (Método de la zapata equivalente) 
 
 
El cálculo se realiza con una discretización de malla fina (adecuada para el cálculo definitivo de la estructura). 
 
 
Los esfuerzos de cálculo se obtienen a partir de los esfuerzos del modelo de elementos finitos, integrándolos en una anchura de  
 

Se integran en una anchura de   :     1.000  m 
 
La verificación del cálculo a flexión de los pilotes se realiza en un pilote con los esfuerzos pésimos. 
 
La verificación del cálculo a cortante de los pilotes se realiza en un pilote con los esfuerzos pésimos. 
 
 
 

2    MODELO DE CáLCULO 
 
Para el cálculo del estribo se genera un modelo de elementos finitos. 
 
Cada parte de la estructura se modeliza con placas discretizadas con elementos tipo TCCL1 (Elementos triangulares de lámina de Reissner-
Mindlin, cuadrático en desplazamientos y giros, y lineal en desplazamientos de cortante). 

Número de nodos de la estructura  :   4541   

Número de elementos del tipo barra  :      0   

Número de elementos del tipo lámina triangular TCCL1  :   2248   

 
 
: Ángulo interior mínimo de los elementos de la discretización 

Lmáx.: Longitud máxima de un lado del elemento TCCL1 

 
 Placa  Lmáx. 
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    (º)  (m) 
 1    30.0    1.000 
 2    30.0    1.000 
 3    30.0    1.000 
 4    30.0    1.000 
 5    30.0    1.000 
 6    30.0    1.000 
 7    30.0    1.000 
 8    30.0    1.000 
 9    30.0    1.000 
 10    30.0    1.000 
 11    30.0    1.000 
 
   
 

  
 
 

3    ESFUERZOS CARACTERíSTICOS 

 

 
3.1    Zapata 
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 -20.69 a  -13.79

 -13.79 a   -6.90

  -6.90 a   -0.00

  -0.00 a    0.00

   0.00 a    5.47

   5.47 a   10.95

  10.95 a   16.42

  16.42 a   21.89

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje longitudinal 

Zapata

 -14.92 a   -9.95

  -9.95 a   -4.97

  -4.97 a   -0.00

  -0.00 a    0.00

   0.00 a    2.62

   2.62 a    5.24

   5.24 a    7.86

   7.86 a   10.48

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje trans v ers al

Zapata
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 -54.91 a  -36.61

 -36.61 a  -18.30

 -18.30 a   -0.00

  -0.00 a    0.00

   0.00 a   12.88

  12.88 a   25.76

  25.76 a   38.63

  38.63 a   51.51

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje trans v ers al (armado longitudina l)

Zapata

 -15.55 a   -0.00

  -0.00 a    0.00

   0.00 a   32.28

  32.28 a   64.55

  64.55 a   96.83

  96.83 a  129.11

 129.11 a  161.38

 161.38 a  193.66

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje longitudinal (armado trans v ers a l)

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 251 DE 472 

 

 

  
  

 
  
  
 

-119.59 a  -79.73

 -79.73 a  -39.86

 -39.86 a   -0.00

  -0.00 a    0.00

   0.00 a   29.90

  29.90 a   59.79

  59.79 a   89.69

  89.69 a  119.59

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je longitudinal 

Zapata

-100.93 a  -67.29

 -67.29 a  -33.64

 -33.64 a   -0.00

  -0.00 a    0.00

   0.00 a   31.03

  31.03 a   62.05

  62.05 a   93.08

  93.08 a  124.11

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je trans v ers al

Zapata
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 -14.24 a  -10.68

 -10.68 a   -7.12

  -7.12 a   -3.56

  -3.56 a   -0.00

  -0.00 a    0.00

   0.00 a    2.45

   2.45 a    4.90

   4.90 a    7.35

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata

 -17.26 a  -14.38

 -14.38 a  -11.50

 -11.50 a   -8.63

  -8.63 a   -5.75

  -5.75 a   -2.88

  -2.88 a   -0.00

  -0.00 a    0.00

   0.00 a    1.13

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata
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  -9.37 a   -6.25

  -6.25 a   -3.12

  -3.12 a   -0.00

  -0.00 a    0.00

   0.00 a    4.12

   4.12 a    8.25

   8.25 a   12.37

  12.37 a   16.50

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata

 -61.65 a  -46.24

 -46.24 a  -30.82

 -30.82 a  -15.41

 -15.41 a   -0.00

  -0.00 a    0.00

   0.00 a   11.66

  11.66 a   23.33

  23.33 a   34.99

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata
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 -33.94 a  -22.63

 -22.63 a  -11.31

 -11.31 a   -0.00

  -0.00 a    0.00

   0.00 a    8.49

   8.49 a   16.98

  16.98 a   25.47

  25.47 a   33.96

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata

 -70.99 a  -53.24

 -53.24 a  -35.49

 -35.49 a  -17.75

 -17.75 a   -0.00

  -0.00 a    0.00

   0.00 a    9.40

   9.40 a   18.79

  18.79 a   28.19

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata
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-261.08 a -195.81

-195.81 a -130.54

-130.54 a  -65.27

 -65.27 a   -0.00

  -0.00 a    0.00

   0.00 a   40.73

  40.73 a   81.45

  81.45 a  122.18

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata

-127.42 a  -84.95

 -84.95 a  -42.47

 -42.47 a   -0.00

  -0.00 a    0.00

   0.00 a   46.18

  46.18 a   92.35

  92.35 a  138.53

 138.53 a  184.70

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata
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-501.00 a -400.80

-400.80 a -300.60

-300.60 a -200.40

-200.40 a -100.20

-100.20 a   -0.00

  -0.00 a    0.00

   0.00 a   41.69

  41.69 a   83.37

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata

-340.24 a -255.18

-255.18 a -170.12

-170.12 a  -85.06

 -85.06 a   -0.00

  -0.00 a    0.00

   0.00 a   46.61

  46.61 a   93.23

  93.23 a  139.84

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata
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-306.92 a -204.61

-204.61 a -102.31

-102.31 a   -0.00

  -0.00 a    0.00

   0.00 a   76.73

  76.73 a  153.46

 153.46 a  230.19

 230.19 a  306.92

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata

-112.61 a  -84.46

 -84.46 a  -56.30

 -56.30 a  -28.15

 -28.15 a   -0.00

  -0.00 a    0.00

   0.00 a   19.70

  19.70 a   39.39

  39.39 a   59.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata
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APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 258 DE 472 

 

 

  
  

 
  
  
 

 -18.31 a  -15.26

 -15.26 a  -12.20

 -12.20 a   -9.15

  -9.15 a   -6.10

  -6.10 a   -3.05

  -3.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata

  -9.75 a   -8.13

  -8.13 a   -6.50

  -6.50 a   -4.88

  -4.88 a   -3.25

  -3.25 a   -1.63

  -1.63 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 259 DE 472 

 

 

  
  

 
  
  
 

 -39.22 a  -32.68

 -32.68 a  -26.15

 -26.15 a  -19.61

 -19.61 a  -13.07

 -13.07 a   -6.54

  -6.54 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata

 -30.57 a  -25.47

 -25.47 a  -20.38

 -20.38 a  -15.28

 -15.28 a  -10.19

 -10.19 a   -5.09

  -5.09 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 260 DE 472 

 

 

  
  

 
  
  
 

 -32.25 a  -26.88

 -26.88 a  -21.50

 -21.50 a  -16.13

 -16.13 a  -10.75

 -10.75 a   -5.38

  -5.38 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata

 -10.87 a   -9.06

  -9.06 a   -7.24

  -7.24 a   -5.43

  -5.43 a   -3.62

  -3.62 a   -1.81

  -1.81 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 261 DE 472 

 

 

  
  

 
  
  
 

  -1.54 a   -1.28

  -1.28 a   -1.02

  -1.02 a   -0.77

  -0.77 a   -0.51

  -0.51 a   -0.26

  -0.26 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata

  -2.77 a   -2.31

  -2.31 a   -1.85

  -1.85 a   -1.39

  -1.39 a   -0.92

  -0.92 a   -0.46

  -0.46 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 262 DE 472 

 

 

  
  

 
  
  
 

  -0.29 a   -0.23

  -0.23 a   -0.17

  -0.17 a   -0.12

  -0.12 a   -0.06

  -0.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata

  -2.05 a   -1.71

  -1.71 a   -1.37

  -1.37 a   -1.03

  -1.03 a   -0.68

  -0.68 a   -0.34

  -0.34 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 263 DE 472 

 

 

  
  

 
  
  
 

  -2.90 a   -2.42

  -2.42 a   -1.93

  -1.93 a   -1.45

  -1.45 a   -0.97

  -0.97 a   -0.48

  -0.48 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata

  -3.60 a   -3.00

  -3.00 a   -2.40

  -2.40 a   -1.80

  -1.80 a   -1.20

  -1.20 a   -0.60

  -0.60 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 264 DE 472 

 

 

  
  

 
  
  
 

  -6.53 a   -4.90

  -4.90 a   -3.27

  -3.27 a   -1.63

  -1.63 a   -0.00

  -0.00 a    0.00

   0.00 a    0.74

   0.74 a    1.47

   1.47 a    2.21

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje longitudinal 

Zapata

 -11.83 a   -9.86

  -9.86 a   -7.89

  -7.89 a   -5.91

  -5.91 a   -3.94

  -3.94 a   -1.97

  -1.97 a   -0.00

  -0.00 a    0.00

   0.00 a    0.95

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 265 DE 472 

 

 

  
  

 
  
  
 

  -2.24 a   -1.49

  -1.49 a   -0.75

  -0.75 a   -0.00

  -0.00 a    0.00

   0.00 a    1.17

   1.17 a    2.34

   2.34 a    3.51

   3.51 a    4.68

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Zapata

  -2.13 a   -0.00

  -0.00 a    0.00

   0.00 a    3.92

   3.92 a    7.84

   7.84 a   11.77

  11.77 a   15.69

  15.69 a   19.61

  19.61 a   23.53

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 266 DE 472 

 

 

  
  

 
  
  
 

 -13.56 a   -9.04

  -9.04 a   -4.52

  -4.52 a   -0.00

  -0.00 a    0.00

   0.00 a    3.52

   3.52 a    7.04

   7.04 a   10.56

  10.56 a   14.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je longitudinal 

Zapata

 -22.07 a  -14.72

 -14.72 a   -7.36

  -7.36 a   -0.00

  -0.00 a    0.00

   0.00 a    4.34

   4.34 a    8.68

   8.68 a   13.02

  13.02 a   17.36

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 267 DE 472 

 

 

  
  

 
  
  
 

  -1.17 a   -0.88

  -0.88 a   -0.59

  -0.59 a   -0.29

  -0.29 a   -0.00

  -0.00 a    0.00

   0.00 a    0.13

   0.13 a    0.26

   0.26 a    0.40

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje longitudinal 

Zapata

  -2.11 a   -1.76

  -1.76 a   -1.41

  -1.41 a   -1.06

  -1.06 a   -0.70

  -0.70 a   -0.35

  -0.35 a   -0.00

  -0.00 a    0.00

   0.00 a    0.17

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 268 DE 472 

 

 

  
  

 
  
  
 

  -0.39 a   -0.26

  -0.26 a   -0.13

  -0.13 a   -0.00

  -0.00 a    0.00

   0.00 a    0.21

   0.21 a    0.42

   0.42 a    0.63

   0.63 a    0.84

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje trans v ers al (armado longitudina l)

Zapata

  -0.38 a   -0.00

  -0.00 a    0.00

   0.00 a    0.71

   0.71 a    1.43

   1.43 a    2.14

   2.14 a    2.85

   2.85 a    3.57

   3.57 a    4.28

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje longitudinal (armado trans v ers a l)

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 269 DE 472 

 

 

  
  

 
  
  
 

  -2.49 a   -1.66

  -1.66 a   -0.83

  -0.83 a   -0.00

  -0.00 a    0.00

   0.00 a    0.63

   0.63 a    1.27

   1.27 a    1.90

   1.90 a    2.53

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je longitudinal 

Zapata

  -3.98 a   -2.65

  -2.65 a   -1.33

  -1.33 a   -0.00

  -0.00 a    0.00

   0.00 a    0.78

   0.78 a    1.57

   1.57 a    2.35

   2.35 a    3.13

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 270 DE 472 

 

 

  
  

 
  
  
 

  -3.07 a   -2.56

  -2.56 a   -2.05

  -2.05 a   -1.53

  -1.53 a   -1.02

  -1.02 a   -0.51

  -0.51 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje longitudinal 

Zapata

  -5.50 a   -4.59

  -4.59 a   -3.67

  -3.67 a   -2.75

  -2.75 a   -1.83

  -1.83 a   -0.92

  -0.92 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 271 DE 472 

 

 

  
  

 
  
  
 

  -1.00 a   -0.84

  -0.84 a   -0.67

  -0.67 a   -0.50

  -0.50 a   -0.33

  -0.33 a   -0.17

  -0.17 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje trans v ers al (armado longitudina l)

Zapata

  -1.00 a   -0.83

  -0.83 a   -0.67

  -0.67 a   -0.50

  -0.50 a   -0.33

  -0.33 a   -0.17

  -0.17 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje longitudinal (armado trans v ers a l)

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 272 DE 472 

 

 

  
  

 
  
  
 

  -6.63 a   -5.52

  -5.52 a   -4.42

  -4.42 a   -3.31

  -3.31 a   -2.21

  -2.21 a   -1.10

  -1.10 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je longitudinal 

Zapata

 -10.42 a   -8.69

  -8.69 a   -6.95

  -6.95 a   -5.21

  -5.21 a   -3.47

  -3.47 a   -1.74

  -1.74 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je trans v ers al

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 273 DE 472 

 

 

  
  

 
  
  
 

  -2.44 a   -2.03

  -2.03 a   -1.62

  -1.62 a   -1.22

  -1.22 a   -0.81

  -0.81 a   -0.41

  -0.41 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje longitudinal mín imo

Zapata

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.41

   0.41 a    0.81

   0.81 a    1.22

   1.22 a    1.62

   1.62 a    2.03

   2.03 a    2.44

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje longitudinal máx imo

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 
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CABALLETES 
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HOJA: 274 DE 472 

 

 

  
  

 
  
  
 

  -3.08 a   -2.57

  -2.57 a   -2.05

  -2.05 a   -1.54

  -1.54 a   -1.03

  -1.03 a   -0.51

  -0.51 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje trans v ers al mínimo

Zapata

  -0.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.51

   0.51 a    1.03

   1.03 a    1.54

   1.54 a    2.05

   2.05 a    2.57

   2.57 a    3.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje trans v ers al máx imo

Zapata



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 
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CABALLETES 
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HOJA: 275 DE 472 

 

 

  
  

 
  
  
 

  -4.40 a   -3.67

  -3.67 a   -2.93

  -2.93 a   -2.20

  -2.20 a   -1.47

  -1.47 a   -0.73

  -0.73 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje trans v ers al mínimo (armado longitudinal)

Zapata

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.73

   0.73 a    1.47

   1.47 a    2.20

   2.20 a    2.93

   2.93 a    3.67

   3.67 a    4.40

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje trans v ers al máx imo (armado longitudinal)

Zapata
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 -10.12 a   -8.43

  -8.43 a   -6.75

  -6.75 a   -5.06

  -5.06 a   -3.37

  -3.37 a   -1.69

  -1.69 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje longitudinal mínimo (armado trans v ers al)

Zapata

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    1.69

   1.69 a    3.37

   3.37 a    5.06

   5.06 a    6.75

   6.75 a    8.43

   8.43 a   10.12

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje longitudinal máx imo (armado trans v ers al)

Zapata
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 -12.63 a  -10.52

 -10.52 a   -8.42

  -8.42 a   -6.31

  -6.31 a   -4.21

  -4.21 a   -2.10

  -2.10 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je longitudinal mínimo

Zapata

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    2.10

   2.10 a    4.21

   4.21 a    6.31

   6.31 a    8.42

   8.42 a   10.52

  10.52 a   12.63

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je longitudinal máx imo

Zapata
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  -9.71 a   -8.09

  -8.09 a   -6.47

  -6.47 a   -4.86

  -4.86 a   -3.24

  -3.24 a   -1.62

  -1.62 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je trans v ers al mínimo

Zapata

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    1.62

   1.62 a    3.24

   3.24 a    4.86

   4.86 a    6.47

   6.47 a    8.09

   8.09 a    9.71

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je trans v ers al máx imo

Zapata
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 -27.06 a  -22.55

 -22.55 a  -18.04

 -18.04 a  -13.53

 -13.53 a   -9.02

  -9.02 a   -4.51

  -4.51 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje longitudinal 

Zapata

 -75.92 a  -63.27

 -63.27 a  -50.61

 -50.61 a  -37.96

 -37.96 a  -25.31

 -25.31 a  -12.65

 -12.65 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje trans v ers al

Zapata
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 -52.86 a  -46.26

 -46.26 a  -39.66

 -39.66 a  -33.07

 -33.07 a  -26.47

 -26.47 a  -19.87

 -19.87 a  -13.28

 -13.28 a   -6.68

  -6.68 a   -0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje trans v ers al (armado longitudina l)

Zapata

 -94.69 a  -78.91

 -78.91 a  -63.13

 -63.13 a  -47.35

 -47.35 a  -31.56

 -31.56 a  -15.78

 -15.78 a   -0.00

  -0.00 a    0.00

   0.00 a    0.01

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje longitudinal (armado trans v ers a l)

Zapata
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3.2    Muro frontal 

 
  
 

 -87.34 a  -72.78

 -72.78 a  -58.23

 -58.23 a  -43.67

 -43.67 a  -29.11

 -29.11 a  -14.56

 -14.56 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je longitudinal 

Zapata

 -91.44 a  -76.20

 -76.20 a  -60.96

 -60.96 a  -45.72

 -45.72 a  -30.48

 -30.48 a  -15.24

 -15.24 a   -0.00

  -0.00 a    0.00

   0.00 a    0.06

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je trans v ers al

Zapata
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-102.97 a  -68.65

 -68.65 a  -34.32

 -34.32 a   -0.00

  -0.00 a    0.00

   0.00 a   18.33

  18.33 a   36.65

  36.65 a   54.98

  54.98 a   73.30

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje hor iz ontal

Muro frontal

  -0.52 a   -0.00

  -0.00 a    0.00

   0.00 a   37.13

  37.13 a   74.26

  74.26 a  111.39

 111.39 a  148.53

 148.53 a  185.66

 185.66 a  222.79

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje v er tic al

Muro frontal
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 -37.99 a  -28.50

 -28.50 a  -19.00

 -19.00 a   -9.50

  -9.50 a   -0.00

  -0.00 a    0.00

   0.00 a    4.64

   4.64 a    9.29

   9.29 a   13.93

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal

 -54.31 a  -36.20

 -36.20 a  -18.10

 -18.10 a   -0.00

  -0.00 a    0.00

   0.00 a    9.90

   9.90 a   19.81

  19.81 a   29.71

  29.71 a   39.62

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal
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 -49.58 a  -33.05

 -33.05 a  -16.53

 -16.53 a   -0.00

  -0.00 a    0.00

   0.00 a   12.67

  12.67 a   25.34

  25.34 a   38.01

  38.01 a   50.68

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je hor iz ontal

Muro frontal

 -14.15 a   -7.08

  -7.08 a   -0.00

  -0.00 a    0.00

   0.00 a    9.44

   9.44 a   18.87

  18.87 a   28.31

  28.31 a   37.75

  37.75 a   47.19

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je v er tic al

Muro frontal
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 -29.57 a  -19.71

 -19.71 a   -9.86

  -9.86 a   -0.00

  -0.00 a    0.00

   0.00 a   11.33

  11.33 a   22.67

  22.67 a   34.00

  34.00 a   45.34

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal

  -9.52 a   -4.76

  -4.76 a   -0.00

  -0.00 a    0.00

   0.00 a   10.37

  10.37 a   20.74

  20.74 a   31.10

  31.10 a   41.47

  41.47 a   51.84

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal
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  -6.75 a   -3.37

  -3.37 a   -0.00

  -0.00 a    0.00

   0.00 a    4.71

   4.71 a    9.41

   9.41 a   14.12

  14.12 a   18.83

  18.83 a   23.54

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal

  -1.01 a   -0.00

  -0.00 a    0.00

   0.00 a    3.49

   3.49 a    6.98

   6.98 a   10.48

  10.48 a   13.97

  13.97 a   17.46

  17.46 a   20.95

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal
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 -21.39 a  -14.26

 -14.26 a   -7.13

  -7.13 a   -0.00

  -0.00 a    0.00

   0.00 a    4.74

   4.74 a    9.47

   9.47 a   14.21

  14.21 a   18.95

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal

  -3.36 a   -1.68

  -1.68 a   -0.00

  -0.00 a    0.00

   0.00 a    2.10

   2.10 a    4.20

   4.20 a    6.31

   6.31 a    8.41

   8.41 a   10.51

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal
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-544.65 a -435.72

-435.72 a -326.79

-326.79 a -217.86

-217.86 a -108.93

-108.93 a   -0.00

  -0.00 a    0.00

   0.00 a   72.36

  72.36 a  144.73

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal

 -46.21 a  -23.10

 -23.10 a   -0.00

  -0.00 a    0.00

   0.00 a   30.06

  30.06 a   60.12

  60.12 a   90.17

  90.17 a  120.23

 120.23 a  150.29

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal
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-236.94 a -177.70

-177.70 a -118.47

-118.47 a  -59.23

 -59.23 a   -0.00

  -0.00 a    0.00

   0.00 a   42.94

  42.94 a   85.88

  85.88 a  128.82

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal

 -84.31 a  -56.21

 -56.21 a  -28.10

 -28.10 a   -0.00

  -0.00 a    0.00

   0.00 a   61.19

  61.19 a  122.39

 122.39 a  183.58

 183.58 a  244.77

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal
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-424.60 a -283.07

-283.07 a -141.53

-141.53 a   -0.00

  -0.00 a    0.00

   0.00 a  106.06

 106.06 a  212.12

 212.12 a  318.18

 318.18 a  424.24

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal

-129.42 a  -86.28

 -86.28 a  -43.14

 -43.14 a   -0.00

  -0.00 a    0.00

   0.00 a   46.84

  46.84 a   93.67

  93.67 a  140.51

 140.51 a  187.34

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal
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 -48.27 a  -41.37

 -41.37 a  -34.48

 -34.48 a  -27.58

 -27.58 a  -20.69

 -20.69 a  -13.79

 -13.79 a   -6.90

  -6.90 a   -0.00

  -0.00 a    0.00

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal

  -2.07 a   -1.72

  -1.72 a   -1.38

  -1.38 a   -1.03

  -1.03 a   -0.69

  -0.69 a   -0.34

  -0.34 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal
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 -19.95 a  -16.63

 -16.63 a  -13.30

 -13.30 a   -9.98

  -9.98 a   -6.65

  -6.65 a   -3.33

  -3.33 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal

  -9.22 a   -7.69

  -7.69 a   -6.15

  -6.15 a   -4.61

  -4.61 a   -3.07

  -3.07 a   -1.54

  -1.54 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal
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 -43.25 a  -36.04

 -36.04 a  -28.83

 -28.83 a  -21.63

 -21.63 a  -14.42

 -14.42 a   -7.21

  -7.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal

 -13.49 a  -11.57

 -11.57 a   -9.64

  -9.64 a   -7.71

  -7.71 a   -5.78

  -5.78 a   -3.86

  -3.86 a   -1.93

  -1.93 a   -0.00

  -0.00 a    0.00

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal
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  -4.00 a   -3.33

  -3.33 a   -2.67

  -2.67 a   -2.00

  -2.00 a   -1.33

  -1.33 a   -0.67

  -0.67 a   -0.00

  -0.00 a    0.00

   0.00 a    0.07

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal

  -1.28 a   -1.07

  -1.07 a   -0.85

  -0.85 a   -0.64

  -0.64 a   -0.43

  -0.43 a   -0.21

  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal
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  -0.56 a   -0.45

  -0.45 a   -0.34

  -0.34 a   -0.23

  -0.23 a   -0.11

  -0.11 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

   0.04 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal

  -0.06 a   -0.04

  -0.04 a   -0.02

  -0.02 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.05

   0.05 a    0.07

   0.07 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal
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  -2.46 a   -2.05

  -2.05 a   -1.64

  -1.64 a   -1.23

  -1.23 a   -0.82

  -0.82 a   -0.41

  -0.41 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal

  -0.04 a   -0.03

  -0.03 a   -0.01

  -0.01 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.05

   0.05 a    0.07

   0.07 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal
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 -20.08 a  -10.04

 -10.04 a   -0.00

  -0.00 a    0.00

   0.00 a   19.19

  19.19 a   38.39

  38.39 a   57.58

  57.58 a   76.78

  76.78 a   95.97

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Muro frontal

 -10.45 a   -0.00

  -0.00 a    0.00

   0.00 a   35.96

  35.96 a   71.93

  71.93 a  107.89

 107.89 a  143.85

 143.85 a  179.82

 179.82 a  215.78

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje v er tic al

Muro frontal
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  -1.17 a   -0.00

  -0.00 a    0.00

   0.00 a    2.40

   2.40 a    4.80

   4.80 a    7.20

   7.20 a    9.60

   9.60 a   12.00

  12.00 a   14.40

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal

 -21.44 a  -16.08

 -16.08 a  -10.72

 -10.72 a   -5.36

  -5.36 a   -0.00

  -0.00 a    0.00

   0.00 a    2.81

   2.81 a    5.61

   5.61 a    8.42

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal
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 -17.67 a  -11.78

 -11.78 a   -5.89

  -5.89 a   -0.00

  -0.00 a    0.00

   0.00 a    4.80

   4.80 a    9.59

   9.59 a   14.39

  14.39 a   19.18

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Muro frontal

  -3.78 a   -1.89

  -1.89 a   -0.00

  -0.00 a    0.00

   0.00 a    3.89

   3.89 a    7.77

   7.77 a   11.66

  11.66 a   15.54

  15.54 a   19.43

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je v er tic al

Muro frontal
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  -3.61 a   -1.80

  -1.80 a   -0.00

  -0.00 a    0.00

   0.00 a    3.45

   3.45 a    6.90

   6.90 a   10.36

  10.36 a   13.81

  13.81 a   17.26

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje hor iz ontal

Muro frontal

  -1.86 a   -0.00

  -0.00 a    0.00

   0.00 a    6.47

   6.47 a   12.94

  12.94 a   19.42

  19.42 a   25.89

  25.89 a   32.36

  32.36 a   38.83

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje v er tic al

Muro frontal
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  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.43

   0.43 a    0.86

   0.86 a    1.30

   1.30 a    1.73

   1.73 a    2.16

   2.16 a    2.59

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje trans v ers al (armado longitudina l)

Muro frontal

  -3.86 a   -2.89

  -2.89 a   -1.93

  -1.93 a   -0.96

  -0.96 a   -0.00

  -0.00 a    0.00

   0.00 a    0.51

   0.51 a    1.01

   1.01 a    1.52

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal
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  -3.30 a   -2.20

  -2.20 a   -1.10

  -1.10 a   -0.00

  -0.00 a    0.00

   0.00 a    0.85

   0.85 a    1.70

   1.70 a    2.55

   2.55 a    3.41

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je hor iz ontal

Muro frontal

  -0.68 a   -0.34

  -0.34 a   -0.00

  -0.00 a    0.00

   0.00 a    0.70

   0.70 a    1.39

   1.39 a    2.09

   2.09 a    2.78

   2.78 a    3.48

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je v er tic al

Muro frontal
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  -9.41 a   -7.84

  -7.84 a   -6.27

  -6.27 a   -4.70

  -4.70 a   -3.14

  -3.14 a   -1.57

  -1.57 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje hor iz ontal

Muro frontal

  -4.83 a   -4.03

  -4.03 a   -3.22

  -3.22 a   -2.42

  -2.42 a   -1.61

  -1.61 a   -0.81

  -0.81 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje v er tic al

Muro frontal
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  -0.56 a   -0.45

  -0.45 a   -0.34

  -0.34 a   -0.23

  -0.23 a   -0.11

  -0.11 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal

 -10.11 a   -8.42

  -8.42 a   -6.74

  -6.74 a   -5.05

  -5.05 a   -3.37

  -3.37 a   -1.68

  -1.68 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal
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  -8.85 a   -7.38

  -7.38 a   -5.90

  -5.90 a   -4.43

  -4.43 a   -2.95

  -2.95 a   -1.48

  -1.48 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je hor iz ontal

Muro frontal

  -1.78 a   -1.48

  -1.48 a   -1.18

  -1.18 a   -0.89

  -0.89 a   -0.59

  -0.59 a   -0.30

  -0.30 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je v er tic al

Muro frontal



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 306 DE 472 

 

 

  
  

 
  
  
 

 -13.20 a  -11.00

 -11.00 a   -8.80

  -8.80 a   -6.60

  -6.60 a   -4.40

  -4.40 a   -2.20

  -2.20 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal mínimo

Muro frontal

  -0.03 a   -0.00

  -0.00 a    0.00

   0.00 a    2.20

   2.20 a    4.40

   4.40 a    6.60

   6.60 a    8.80

   8.80 a   11.00

  11.00 a   13.20

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal máx imo

Muro frontal
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 -39.34 a  -32.78

 -32.78 a  -26.23

 -26.23 a  -19.67

 -19.67 a  -13.11

 -13.11 a   -6.56

  -6.56 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al mínimo

Muro frontal

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    6.56

   6.56 a   13.11

  13.11 a   19.67

  19.67 a   26.23

  26.23 a   32.78

  32.78 a   39.34

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al máx imo

Muro frontal
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 -17.48 a  -14.57

 -14.57 a  -11.65

 -11.65 a   -8.74

  -8.74 a   -5.83

  -5.83 a   -2.91

  -2.91 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Muro frontal

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    2.91

   2.91 a    5.83

   5.83 a    8.74

   8.74 a   11.65

  11.65 a   14.57

  14.57 a   17.48

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Muro frontal
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 -13.14 a  -10.95

 -10.95 a   -8.76

  -8.76 a   -6.57

  -6.57 a   -4.38

  -4.38 a   -2.19

  -2.19 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Muro frontal

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    2.19

   2.19 a    4.38

   4.38 a    6.57

   6.57 a    8.76

   8.76 a   10.95

  10.95 a   13.14

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Muro frontal
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 -16.67 a  -13.89

 -13.89 a  -11.11

 -11.11 a   -8.34

  -8.34 a   -5.56

  -5.56 a   -2.78

  -2.78 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal mínimo

Muro frontal

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    2.78

   2.78 a    5.56

   5.56 a    8.34

   8.34 a   11.11

  11.11 a   13.89

  13.89 a   16.67

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal máx imo

Muro frontal
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 -12.25 a  -10.21

 -10.21 a   -8.17

  -8.17 a   -6.13

  -6.13 a   -4.08

  -4.08 a   -2.04

  -2.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al mínimo

Muro frontal

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    2.04

   2.04 a    4.08

   4.08 a    6.13

   6.13 a    8.17

   8.17 a   10.21

  10.21 a   12.25

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al máx imo

Muro frontal
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-359.48 a -314.62

-314.62 a -269.76

-269.76 a -224.90

-224.90 a -180.04

-180.04 a -135.18

-135.18 a  -90.33

 -90.33 a  -45.47

 -45.47 a   -0.61

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje hor iz ontal

Muro frontal

-208.18 a -173.48

-173.48 a -138.78

-138.78 a -104.09

-104.09 a  -69.39

 -69.39 a  -34.70

 -34.70 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje v er tic al

Muro frontal
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 -85.95 a  -75.23

 -75.23 a  -64.51

 -64.51 a  -53.79

 -53.79 a  -43.07

 -43.07 a  -32.35

 -32.35 a  -21.63

 -21.63 a  -10.91

 -10.91 a   -0.19

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje trans v ers al (armado longitudina l)

Muro frontal

 -78.57 a  -65.47

 -65.47 a  -52.38

 -52.38 a  -39.28

 -39.28 a  -26.19

 -26.19 a  -13.09

 -13.09 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje longitudinal (armado trans v ers a l)

Muro frontal
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3.3    Aleta 1 

 
  
 

-157.56 a -131.30

-131.30 a -105.04

-105.04 a  -78.78

 -78.78 a  -52.52

 -52.52 a  -26.26

 -26.26 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je hor iz ontal

Muro frontal

-105.41 a  -87.84

 -87.84 a  -70.27

 -70.27 a  -52.70

 -52.70 a  -35.14

 -35.14 a  -17.57

 -17.57 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je v er tic al

Muro frontal
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  -8.00 a   -5.33

  -5.33 a   -2.67

  -2.67 a   -0.00

  -0.00 a    0.00

   0.00 a    4.58

   4.58 a    9.17

   9.17 a   13.75

  13.75 a   18.34

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje hor iz ontal

Aleta 1

  -1.15 a   -0.00

  -0.00 a    0.00

   0.00 a   22.75

  22.75 a   45.50

  45.50 a   68.25

  68.25 a   91.00

  91.00 a  113.75

 113.75 a  136.51

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje v er tic al

Aleta 1
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  -3.91 a   -1.95

  -1.95 a   -0.00

  -0.00 a    0.00

   0.00 a    3.22

   3.22 a    6.44

   6.44 a    9.66

   9.66 a   12.87

  12.87 a   16.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1

 -12.95 a  -10.36

 -10.36 a   -7.77

  -7.77 a   -5.18

  -5.18 a   -2.59

  -2.59 a   -0.00

  -0.00 a    0.00

   0.00 a    1.76

   1.76 a    3.53

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1
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 -43.97 a  -36.65

 -36.65 a  -29.32

 -29.32 a  -21.99

 -21.99 a  -14.66

 -14.66 a   -7.33

  -7.33 a   -0.00

  -0.00 a    0.00

   0.00 a    5.17

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je hor iz ontal

Aleta 1

 -18.55 a  -14.84

 -14.84 a  -11.13

 -11.13 a   -7.42

  -7.42 a   -3.71

  -3.71 a   -0.00

  -0.00 a    0.00

   0.00 a    1.97

   1.97 a    3.93

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je v er tic al

Aleta 1
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  -3.29 a   -1.64

  -1.64 a   -0.00

  -0.00 a    0.00

   0.00 a    3.59

   3.59 a    7.18

   7.18 a   10.77

  10.77 a   14.35

  14.35 a   17.94

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1

 -18.60 a  -12.40

 -12.40 a   -6.20

  -6.20 a   -0.00

  -0.00 a    0.00

   0.00 a   10.32

  10.32 a   20.64

  20.64 a   30.96

  30.96 a   41.28

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1
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  -7.42 a   -5.94

  -5.94 a   -4.45

  -4.45 a   -2.97

  -2.97 a   -1.48

  -1.48 a   -0.00

  -0.00 a    0.00

   0.00 a    0.88

   0.88 a    1.77

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1

  -1.90 a   -1.27

  -1.27 a   -0.63

  -0.63 a   -0.00

  -0.00 a    0.00

   0.00 a    1.24

   1.24 a    2.47

   2.47 a    3.71

   3.71 a    4.94

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1
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  -2.86 a   -0.00

  -0.00 a    0.00

   0.00 a    3.76

   3.76 a    7.51

   7.51 a   11.27

  11.27 a   15.02

  15.02 a   18.78

  18.78 a   22.54

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1

  -1.97 a   -0.98

  -0.98 a   -0.00

  -0.00 a    0.00

   0.00 a    2.21

   2.21 a    4.42

   4.42 a    6.63

   6.63 a    8.84

   8.84 a   11.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1
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-177.42 a -133.07

-133.07 a  -88.71

 -88.71 a  -44.36

 -44.36 a   -0.00

  -0.00 a    0.00

   0.00 a   25.22

  25.22 a   50.43

  50.43 a   75.65

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1

-371.91 a -309.93

-309.93 a -247.94

-247.94 a -185.96

-185.96 a -123.97

-123.97 a  -61.99

 -61.99 a   -0.00

  -0.00 a    0.00

   0.00 a   31.30

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1
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 -12.15 a   -0.00

  -0.00 a    0.00

   0.00 a   28.86

  28.86 a   57.73

  57.73 a   86.59

  86.59 a  115.45

 115.45 a  144.31

 144.31 a  173.18

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1

 -53.18 a  -26.59

 -26.59 a   -0.00

  -0.00 a    0.00

   0.00 a   48.91

  48.91 a   97.83

  97.83 a  146.74

 146.74 a  195.65

 195.65 a  244.57

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1
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-155.87 a -103.91

-103.91 a  -51.96

 -51.96 a   -0.00

  -0.00 a    0.00

   0.00 a   24.54

  24.54 a   49.07

  49.07 a   73.61

  73.61 a   98.15

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1

-216.82 a -144.55

-144.55 a  -72.27

 -72.27 a   -0.00

  -0.00 a    0.00

   0.00 a   57.84

  57.84 a  115.68

 115.68 a  173.52

 173.52 a  231.36

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1
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 -15.77 a  -13.14

 -13.14 a  -10.51

 -10.51 a   -7.88

  -7.88 a   -5.26

  -5.26 a   -2.63

  -2.63 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1

 -36.93 a  -30.77

 -30.77 a  -24.62

 -24.62 a  -18.46

 -18.46 a  -12.31

 -12.31 a   -6.15

  -6.15 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1
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  -1.38 a   -1.15

  -1.15 a   -0.92

  -0.92 a   -0.69

  -0.69 a   -0.46

  -0.46 a   -0.23

  -0.23 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1

  -2.96 a   -2.46

  -2.46 a   -1.97

  -1.97 a   -1.48

  -1.48 a   -0.99

  -0.99 a   -0.49

  -0.49 a   -0.00

  -0.00 a    0.00

   0.00 a    0.07

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1
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 -14.27 a  -11.89

 -11.89 a   -9.51

  -9.51 a   -7.13

  -7.13 a   -4.76

  -4.76 a   -2.38

  -2.38 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1

 -20.76 a  -17.30

 -17.30 a  -13.84

 -13.84 a  -10.38

 -10.38 a   -6.92

  -6.92 a   -3.46

  -3.46 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1
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  -0.37 a   -0.29

  -0.29 a   -0.22

  -0.22 a   -0.15

  -0.15 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1

  -1.26 a   -1.05

  -1.05 a   -0.84

  -0.84 a   -0.63

  -0.63 a   -0.42

  -0.42 a   -0.21

  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1
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  -0.72 a   -0.60

  -0.60 a   -0.48

  -0.48 a   -0.36

  -0.36 a   -0.24

  -0.24 a   -0.12

  -0.12 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1

  -0.20 a   -0.15

  -0.15 a   -0.10

  -0.10 a   -0.05

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1
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  -0.30 a   -0.24

  -0.24 a   -0.18

  -0.18 a   -0.12

  -0.12 a   -0.06

  -0.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1

  -0.21 a   -0.15

  -0.15 a   -0.10

  -0.10 a   -0.05

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1
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  -1.44 a   -0.00

  -0.00 a    0.00

   0.00 a    2.13

   2.13 a    4.26

   4.26 a    6.39

   6.39 a    8.52

   8.52 a   10.64

  10.64 a   12.77

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 1

  -1.71 a   -0.00

  -0.00 a    0.00

   0.00 a    2.33

   2.33 a    4.66

   4.66 a    6.99

   6.99 a    9.33

   9.33 a   11.66

  11.66 a   13.99

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 331 DE 472 

 

 

  
  

 
  
  
 

  -0.51 a   -0.34

  -0.34 a   -0.17

  -0.17 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

   0.10 a    0.20

   0.20 a    0.30

   0.30 a    0.39

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1

  -0.91 a   -0.61

  -0.61 a   -0.30

  -0.30 a   -0.00

  -0.00 a    0.00

   0.00 a    0.14

   0.14 a    0.28

   0.28 a    0.42

   0.42 a    0.56

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 332 DE 472 

 

 

  
  

 
  
  
 

  -2.12 a   -1.59

  -1.59 a   -1.06

  -1.06 a   -0.53

  -0.53 a   -0.00

  -0.00 a    0.00

   0.00 a    0.29

   0.29 a    0.57

   0.57 a    0.86

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 1

  -1.06 a   -0.71

  -0.71 a   -0.35

  -0.35 a   -0.00

  -0.00 a    0.00

   0.00 a    0.40

   0.40 a    0.80

   0.80 a    1.20

   1.20 a    1.60

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 333 DE 472 

 

 

  
  

 
  
  
 

  -0.27 a   -0.00

  -0.00 a    0.00

   0.00 a    0.39

   0.39 a    0.79

   0.79 a    1.18

   1.18 a    1.58

   1.58 a    1.97

   1.97 a    2.36

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje hor iz ontal

Aleta 1

  -0.32 a   -0.00

  -0.00 a    0.00

   0.00 a    0.43

   0.43 a    0.86

   0.86 a    1.29

   1.29 a    1.72

   1.72 a    2.15

   2.15 a    2.58

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje v er tic al

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 334 DE 472 

 

 

  
  

 
  
  
 

  -0.10 a   -0.07

  -0.07 a   -0.03

  -0.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.04

   0.04 a    0.05

   0.05 a    0.07

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje trans v ers al (armado longitudina l)

Aleta 1

  -0.17 a   -0.11

  -0.11 a   -0.06

  -0.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.05

   0.05 a    0.08

   0.08 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 335 DE 472 

 

 

  
  

 
  
  
 

  -0.40 a   -0.30

  -0.30 a   -0.20

  -0.20 a   -0.10

  -0.10 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.11

   0.11 a    0.16

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je hor iz ontal

Aleta 1

  -0.20 a   -0.13

  -0.13 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.07

   0.07 a    0.15

   0.15 a    0.22

   0.22 a    0.30

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je v er tic al

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 336 DE 472 

 

 

  
  

 
  
  
 

  -0.73 a   -0.61

  -0.61 a   -0.49

  -0.49 a   -0.37

  -0.37 a   -0.24

  -0.24 a   -0.12

  -0.12 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje hor iz ontal

Aleta 1

  -0.84 a   -0.70

  -0.70 a   -0.56

  -0.56 a   -0.42

  -0.42 a   -0.28

  -0.28 a   -0.14

  -0.14 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje v er tic al

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 337 DE 472 

 

 

  
  

 
  
  
 

  -0.27 a   -0.20

  -0.20 a   -0.14

  -0.14 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1

  -0.46 a   -0.37

  -0.37 a   -0.28

  -0.28 a   -0.18

  -0.18 a   -0.09

  -0.09 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

   0.04 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 338 DE 472 

 

 

  
  

 
  
  
 

  -1.08 a   -0.90

  -0.90 a   -0.72

  -0.72 a   -0.54

  -0.54 a   -0.36

  -0.36 a   -0.18

  -0.18 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je hor iz ontal

Aleta 1

  -0.54 a   -0.43

  -0.43 a   -0.32

  -0.32 a   -0.22

  -0.22 a   -0.11

  -0.11 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je v er tic al

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 339 DE 472 

 

 

  
  

 
  
  
 

 -12.15 a  -10.12

 -10.12 a   -8.10

  -8.10 a   -6.07

  -6.07 a   -4.05

  -4.05 a   -2.02

  -2.02 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal mínimo

Aleta 1

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    2.02

   2.02 a    4.05

   4.05 a    6.07

   6.07 a    8.10

   8.10 a   10.12

  10.12 a   12.15

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal máx imo

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 340 DE 472 

 

 

  
  

 
  
  
 

 -14.85 a  -12.38

 -12.38 a   -9.90

  -9.90 a   -7.43

  -7.43 a   -4.95

  -4.95 a   -2.48

  -2.48 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al mínimo

Aleta 1

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    2.48

   2.48 a    4.95

   4.95 a    7.43

   7.43 a    9.90

   9.90 a   12.38

  12.38 a   14.85

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al máx imo

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 341 DE 472 

 

 

  
  

 
  
  
 

  -0.72 a   -0.60

  -0.60 a   -0.48

  -0.48 a   -0.36

  -0.36 a   -0.24

  -0.24 a   -0.12

  -0.12 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 1

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.12

   0.12 a    0.24

   0.24 a    0.36

   0.36 a    0.48

   0.48 a    0.60

   0.60 a    0.72

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 342 DE 472 

 

 

  
  

 
  
  
 

  -0.63 a   -0.53

  -0.53 a   -0.42

  -0.42 a   -0.32

  -0.32 a   -0.21

  -0.21 a   -0.11

  -0.11 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 1

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.11

   0.11 a    0.21

   0.21 a    0.32

   0.32 a    0.42

   0.42 a    0.53

   0.53 a    0.63

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 343 DE 472 

 

 

  
  

 
  
  
 

  -2.55 a   -2.13

  -2.13 a   -1.70

  -1.70 a   -1.28

  -1.28 a   -0.85

  -0.85 a   -0.43

  -0.43 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal mínimo

Aleta 1

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.43

   0.43 a    0.85

   0.85 a    1.28

   1.28 a    1.70

   1.70 a    2.13

   2.13 a    2.55

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal máx imo

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 344 DE 472 

 

 

  
  

 
  
  
 

  -1.80 a   -1.50

  -1.50 a   -1.20

  -1.20 a   -0.90

  -0.90 a   -0.60

  -0.60 a   -0.30

  -0.30 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al mínimo

Aleta 1

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.30

   0.30 a    0.60

   0.60 a    0.90

   0.90 a    1.20

   1.20 a    1.50

   1.50 a    1.80

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al máx imo

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 345 DE 472 

 

 

  
  

 
  
  
 

 -85.62 a  -74.92

 -74.92 a  -64.22

 -64.22 a  -53.52

 -53.52 a  -42.81

 -42.81 a  -32.11

 -32.11 a  -21.41

 -21.41 a  -10.71

 -10.71 a   -0.00

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje hor iz ontal

Aleta 1

 -77.18 a  -64.32

 -64.32 a  -51.46

 -51.46 a  -38.59

 -38.59 a  -25.73

 -25.73 a  -12.86

 -12.86 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje v er tic al

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 346 DE 472 

 

 

  
  

 
  
  
 

 -16.45 a  -14.40

 -14.40 a  -12.35

 -12.35 a  -10.30

 -10.30 a   -8.25

  -8.25 a   -6.20

  -6.20 a   -4.15

  -4.15 a   -2.10

  -2.10 a   -0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje trans v ers al (armado longitudina l)

Aleta 1

 -25.78 a  -21.49

 -21.49 a  -17.19

 -17.19 a  -12.89

 -12.89 a   -8.59

  -8.59 a   -4.30

  -4.30 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 347 DE 472 

 

 

  
  

 
  
 

3.4    Aleta2 

 
  
 

 -41.00 a  -34.16

 -34.16 a  -27.33

 -27.33 a  -20.50

 -20.50 a  -13.67

 -13.67 a   -6.83

  -6.83 a   -0.00

  -0.00 a    0.00

   0.00 a    0.06

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je hor iz ontal

Aleta 1

 -18.16 a  -15.13

 -15.13 a  -12.10

 -12.10 a   -9.08

  -9.08 a   -6.05

  -6.05 a   -3.03

  -3.03 a   -0.00

  -0.00 a    0.00

   0.00 a    0.06

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je v er tic al

Aleta 1



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 348 DE 472 

 

 

  
  

 
  
  
 

  -7.99 a   -5.33

  -5.33 a   -2.66

  -2.66 a   -0.00

  -0.00 a    0.00

   0.00 a    4.59

   4.59 a    9.17

   9.17 a   13.76

  13.76 a   18.34

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje hor iz ontal

Aleta 2

  -1.18 a   -0.00

  -0.00 a    0.00

   0.00 a   22.77

  22.77 a   45.54

  45.54 a   68.31

  68.31 a   91.08

  91.08 a  113.85

 113.85 a  136.62

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Ax il eje v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 349 DE 472 

 

 

  
  

 
  
  
 

  -3.90 a   -1.95

  -1.95 a   -0.00

  -0.00 a    0.00

   0.00 a    3.21

   3.21 a    6.42

   6.42 a    9.64

   9.64 a   12.85

  12.85 a   16.06

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2

 -12.95 a  -10.36

 -10.36 a   -7.77

  -7.77 a   -5.18

  -5.18 a   -2.59

  -2.59 a   -0.00

  -0.00 a    0.00

   0.00 a    1.76

   1.76 a    3.53

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 350 DE 472 

 

 

  
  

 
  
  
 

  -5.17 a   -0.00

  -0.00 a    0.00

   0.00 a    7.32

   7.32 a   14.64

  14.64 a   21.97

  21.97 a   29.29

  29.29 a   36.61

  36.61 a   43.93

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je hor iz ontal

Aleta 2

 -18.17 a  -14.54

 -14.54 a  -10.90

 -10.90 a   -7.27

  -7.27 a   -3.63

  -3.63 a   -0.00

  -0.00 a    0.00

   0.00 a    1.97

   1.97 a    3.93

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL ESTRIBO

C ortante e je v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 351 DE 472 

 

 

  
  

 
  
  
 

  -3.28 a   -1.64

  -1.64 a   -0.00

  -0.00 a    0.00

   0.00 a    3.59

   3.59 a    7.18

   7.18 a   10.77

  10.77 a   14.36

  14.36 a   17.95

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2

 -18.49 a  -12.33

 -12.33 a   -6.16

  -6.16 a   -0.00

  -0.00 a    0.00

   0.00 a   10.34

  10.34 a   20.68

  20.68 a   31.02

  31.02 a   41.36

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 352 DE 472 

 

 

  
  

 
  
  
 

  -7.43 a   -5.94

  -5.94 a   -4.46

  -4.46 a   -2.97

  -2.97 a   -1.49

  -1.49 a   -0.00

  -0.00 a    0.00

   0.00 a    0.88

   0.88 a    1.77

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2

  -1.90 a   -1.27

  -1.27 a   -0.63

  -0.63 a   -0.00

  -0.00 a    0.00

   0.00 a    1.24

   1.24 a    2.47

   2.47 a    3.71

   3.71 a    4.94

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 353 DE 472 

 

 

  
  

 
  
  
 

 -22.59 a  -18.82

 -18.82 a  -15.06

 -15.06 a  -11.29

 -11.29 a   -7.53

  -7.53 a   -3.76

  -3.76 a   -0.00

  -0.00 a    0.00

   0.00 a    2.86

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2

  -1.97 a   -0.98

  -0.98 a   -0.00

  -0.00 a    0.00

   0.00 a    2.18

   2.18 a    4.35

   4.35 a    6.53

   6.53 a    8.71

   8.71 a   10.89

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TIERRAS. PESO PROPIO. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 354 DE 472 

 

 

  
  

 
  
  
 

-177.68 a -133.26

-133.26 a  -88.84

 -88.84 a  -44.42

 -44.42 a   -0.00

  -0.00 a    0.00

   0.00 a   25.22

  25.22 a   50.43

  50.43 a   75.65

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2

-371.75 a -309.79

-309.79 a -247.83

-247.83 a -185.88

-185.88 a -123.92

-123.92 a  -61.96

 -61.96 a   -0.00

  -0.00 a    0.00

   0.00 a   31.46

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 355 DE 472 

 

 

  
  

 
  
  
 

 -12.15 a   -0.00

  -0.00 a    0.00

   0.00 a   28.87

  28.87 a   57.73

  57.73 a   86.60

  86.60 a  115.46

 115.46 a  144.33

 144.33 a  173.19

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2

 -53.18 a  -26.59

 -26.59 a   -0.00

  -0.00 a    0.00

   0.00 a   48.92

  48.92 a   97.83

  97.83 a  146.75

 146.75 a  195.66

 195.66 a  244.58

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 356 DE 472 

 

 

  
  

 
  
  
 

 -98.17 a  -65.45

 -65.45 a  -32.72

 -32.72 a   -0.00

  -0.00 a    0.00

   0.00 a   39.00

  39.00 a   77.99

  77.99 a  116.99

 116.99 a  155.98

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2

-216.86 a -144.57

-144.57 a  -72.29

 -72.29 a   -0.00

  -0.00 a    0.00

   0.00 a   57.84

  57.84 a  115.68

 115.68 a  173.52

 173.52 a  231.36

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

EMPUJE ACTIVO DE LAS TIERRAS. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 357 DE 472 

 

 

  
  

 
  
  
 

 -15.78 a  -13.15

 -13.15 a  -10.52

 -10.52 a   -7.89

  -7.89 a   -5.26

  -5.26 a   -2.63

  -2.63 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2

 -36.93 a  -30.78

 -30.78 a  -24.62

 -24.62 a  -18.47

 -18.47 a  -12.31

 -12.31 a   -6.16

  -6.16 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 358 DE 472 

 

 

  
  

 
  
  
 

  -1.38 a   -1.15

  -1.15 a   -0.92

  -0.92 a   -0.69

  -0.69 a   -0.46

  -0.46 a   -0.23

  -0.23 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2

  -2.96 a   -2.46

  -2.46 a   -1.97

  -1.97 a   -1.48

  -1.48 a   -0.99

  -0.99 a   -0.49

  -0.49 a   -0.00

  -0.00 a    0.00

   0.00 a    0.07

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 359 DE 472 

 

 

  
  

 
  
  
 

  -8.94 a   -7.45

  -7.45 a   -5.96

  -5.96 a   -4.47

  -4.47 a   -2.98

  -2.98 a   -1.49

  -1.49 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2

 -20.77 a  -17.31

 -17.31 a  -13.84

 -13.84 a  -10.38

 -10.38 a   -6.92

  -6.92 a   -3.46

  -3.46 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. EMPUJE. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 360 DE 472 

 

 

  
  

 
  
  
 

  -0.37 a   -0.29

  -0.29 a   -0.22

  -0.22 a   -0.15

  -0.15 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2

  -1.27 a   -1.06

  -1.06 a   -0.85

  -0.85 a   -0.64

  -0.64 a   -0.42

  -0.42 a   -0.21

  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 361 DE 472 

 

 

  
  

 
  
  
 

  -0.72 a   -0.60

  -0.60 a   -0.48

  -0.48 a   -0.36

  -0.36 a   -0.24

  -0.24 a   -0.12

  -0.12 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2

  -0.20 a   -0.15

  -0.15 a   -0.10

  -0.10 a   -0.05

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 362 DE 472 

 

 

  
  

 
  
  
 

  -2.24 a   -1.86

  -1.86 a   -1.49

  -1.49 a   -1.12

  -1.12 a   -0.75

  -0.75 a   -0.37

  -0.37 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2

  -0.21 a   -0.15

  -0.15 a   -0.10

  -0.10 a   -0.05

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SOBRECARGAS EN TERRAPLéN. ACCIóN VERTICAL. ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 363 DE 472 

 

 

  
  

 
  
  
 

  -1.61 a   -0.00

  -0.00 a    0.00

   0.00 a    2.26

   2.26 a    4.52

   4.52 a    6.78

   6.78 a    9.03

   9.03 a   11.29

  11.29 a   13.55

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje hor iz ontal

Aleta 2

  -1.79 a   -0.00

  -0.00 a    0.00

   0.00 a    2.42

   2.42 a    4.84

   4.84 a    7.26

   7.26 a    9.68

   9.68 a   12.10

  12.10 a   14.52

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Ax il eje v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 364 DE 472 

 

 

  
  

 
  
  
 

  -0.62 a   -0.41

  -0.41 a   -0.21

  -0.21 a   -0.00

  -0.00 a    0.00

   0.00 a    0.11

   0.11 a    0.21

   0.21 a    0.32

   0.32 a    0.42

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2

  -1.01 a   -0.75

  -0.75 a   -0.50

  -0.50 a   -0.25

  -0.25 a   -0.00

  -0.00 a    0.00

   0.00 a    0.20

   0.20 a    0.39

   0.39 a    0.59

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 365 DE 472 

 

 

  
  

 
  
  
 

  -0.98 a   -0.65

  -0.65 a   -0.33

  -0.33 a   -0.00

  -0.00 a    0.00

   0.00 a    0.59

   0.59 a    1.17

   1.17 a    1.76

   1.76 a    2.35

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je hor iz ontal

Aleta 2

  -1.18 a   -0.79

  -0.79 a   -0.39

  -0.39 a   -0.00

  -0.00 a    0.00

   0.00 a    0.43

   0.43 a    0.86

   0.86 a    1.30

   1.30 a    1.73

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DEL TABLERO (INCREMENTO). ESTRIBO EN SERVICIO

C ortante e je v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 366 DE 472 

 

 

  
  

 
  
  
 

  -0.28 a   -0.00

  -0.00 a    0.00

   0.00 a    0.40

   0.40 a    0.81

   0.81 a    1.21

   1.21 a    1.62

   1.62 a    2.02

   2.02 a    2.42

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje hor iz ontal

Aleta 2

  -0.32 a   -0.00

  -0.00 a    0.00

   0.00 a    0.43

   0.43 a    0.87

   0.87 a    1.30

   1.30 a    1.74

   1.74 a    2.17

   2.17 a    2.61

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Ax il eje v er tic al

Aleta 2



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 
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CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 367 DE 472 

 

 

  
  

 
  
  
 

  -0.11 a   -0.07

  -0.07 a   -0.04

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

   0.02 a    0.04

   0.04 a    0.06

   0.06 a    0.08

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje trans v ers al (armado longitudina l)

Aleta 2

  -0.18 a   -0.13

  -0.13 a   -0.09

  -0.09 a   -0.04

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.07

   0.07 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2



GOBIERNO DE LA CIUDAD DE 
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SECRETARÍA DE OBRAS Y 

SERVICIOS 
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No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 368 DE 472 

 

 

  
  

 
  
  
 

  -0.17 a   -0.11

  -0.11 a   -0.06

  -0.06 a   -0.00

  -0.00 a    0.00

   0.00 a    0.10

   0.10 a    0.21

   0.21 a    0.31

   0.31 a    0.41

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je hor iz ontal

Aleta 2

  -0.21 a   -0.14

  -0.14 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.08

   0.08 a    0.15

   0.15 a    0.23

   0.23 a    0.31

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

PESO PROPIO DE LOS COMPONENTES ESTRUCTURALES Y ACCESORIOS NO ESTRUCTURALES

C ortante e je v er tic al

Aleta 2
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  -0.73 a   -0.61

  -0.61 a   -0.48

  -0.48 a   -0.36

  -0.36 a   -0.24

  -0.24 a   -0.12

  -0.12 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje hor iz ontal

Aleta 2

  -0.84 a   -0.70

  -0.70 a   -0.56

  -0.56 a   -0.42

  -0.42 a   -0.28

  -0.28 a   -0.14

  -0.14 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Ax il eje v er tic al

Aleta 2
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  -0.27 a   -0.20

  -0.20 a   -0.13

  -0.13 a   -0.07

  -0.07 a   -0.00

  -0.00 a    0.00

   0.00 a    0.03

   0.03 a    0.06

   0.06 a    0.09

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2

  -0.46 a   -0.36

  -0.36 a   -0.27

  -0.27 a   -0.18

  -0.18 a   -0.09

  -0.09 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.10

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2
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  -0.44 a   -0.35

  -0.35 a   -0.26

  -0.26 a   -0.18

  -0.18 a   -0.09

  -0.09 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je hor iz ontal

Aleta 2

  -0.54 a   -0.43

  -0.43 a   -0.32

  -0.32 a   -0.21

  -0.21 a   -0.11

  -0.11 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

   0.05 a    0.10

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TRáFICO

C ortante e je v er tic al

Aleta 2
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HOJA: 372 DE 472 

 

 

  
  

 
  
  
 

 -11.90 a   -9.92

  -9.92 a   -7.93

  -7.93 a   -5.95

  -5.95 a   -3.97

  -3.97 a   -1.98

  -1.98 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal mínimo

Aleta 2

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    1.98

   1.98 a    3.97

   3.97 a    5.95

   5.95 a    7.93

   7.93 a    9.92

   9.92 a   11.90

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje hor iz ontal máx imo

Aleta 2
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 -14.85 a  -12.38

 -12.38 a   -9.90

  -9.90 a   -7.43

  -7.43 a   -4.95

  -4.95 a   -2.48

  -2.48 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al mínimo

Aleta 2

  -0.04 a   -0.00

  -0.00 a    0.00

   0.00 a    2.48

   2.48 a    4.95

   4.95 a    7.43

   7.43 a    9.90

   9.90 a   12.38

  12.38 a   14.85

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Ax il eje v er tic al máx imo

Aleta 2
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  -0.86 a   -0.71

  -0.71 a   -0.57

  -0.57 a   -0.43

  -0.43 a   -0.29

  -0.29 a   -0.14

  -0.14 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 2

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.14

   0.14 a    0.29

   0.29 a    0.43

   0.43 a    0.57

   0.57 a    0.71

   0.71 a    0.86

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 2
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  -0.53 a   -0.44

  -0.44 a   -0.35

  -0.35 a   -0.26

  -0.26 a   -0.18

  -0.18 a   -0.09

  -0.09 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 2

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.09

   0.09 a    0.18

   0.18 a    0.26

   0.26 a    0.35

   0.35 a    0.44

   0.44 a    0.53

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 2
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  -2.89 a   -2.41

  -2.41 a   -1.93

  -1.93 a   -1.45

  -1.45 a   -0.96

  -0.96 a   -0.48

  -0.48 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal mínimo

Aleta 2

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.48

   0.48 a    0.96

   0.96 a    1.45

   1.45 a    1.93

   1.93 a    2.41

   2.41 a    2.89

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je hor iz ontal máx imo

Aleta 2
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  -1.86 a   -1.55

  -1.55 a   -1.24

  -1.24 a   -0.93

  -0.93 a   -0.62

  -0.62 a   -0.31

  -0.31 a   -0.00

  -0.00 a    0.00

   0.00 a    0.05

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al mínimo

Aleta 2

  -0.05 a   -0.00

  -0.00 a    0.00

   0.00 a    0.31

   0.31 a    0.62

   0.62 a    0.93

   0.93 a    1.24

   1.24 a    1.55

   1.55 a    1.86

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

TEMPERATURA

C ortante e je v er tic al máx imo

Aleta 2
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 -94.45 a  -82.65

 -82.65 a  -70.86

 -70.86 a  -59.06

 -59.06 a  -47.27

 -47.27 a  -35.47

 -35.47 a  -23.68

 -23.68 a  -11.89

 -11.89 a   -0.09

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje hor iz ontal

Aleta 2

-107.74 a  -89.78

 -89.78 a  -71.82

 -71.82 a  -53.87

 -53.87 a  -35.91

 -35.91 a  -17.96

 -17.96 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Ax il eje v er tic al

Aleta 2
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 -14.55 a  -12.13

 -12.13 a   -9.70

  -9.70 a   -7.28

  -7.28 a   -4.85

  -4.85 a   -2.43

  -2.43 a   -0.00

  -0.00 a    0.00

   0.00 a    0.01

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje trans v ers al (armado longitudina l)

Aleta 2

 -24.42 a  -21.37

 -21.37 a  -18.32

 -18.32 a  -15.26

 -15.26 a  -12.21

 -12.21 a   -9.16

  -9.16 a   -6.11

  -6.11 a   -3.06

  -3.06 a   -0.01

Unidades:  kNm/m

ESFUERZOS CARACTERÍSTICOS

SISMO

Momento de eje longitudinal (armado trans v ers a l)

Aleta 2
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4    ESTADO LíMITE DE DESLIZAMIENTO 
 

 
La comprobación de deslizamiento se lleva a cabo en una serie de direcciones, equidistando entre ellas 12.5 grados centesimales 
 

4.1    Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio 

 

 
Sector 9 
 

 
Resistencia mayorada 

(RR) 
RU 

Acción F normal F roz. 
F horiz. 
estab. 

F desest. 

 -22.33 a  -18.61

 -18.61 a  -14.89

 -14.89 a  -11.17

 -11.17 a   -7.44

  -7.44 a   -3.72

  -3.72 a   -0.00

  -0.00 a    0.00

   0.00 a    0.04

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je hor iz ontal

Aleta 2

 -18.97 a  -15.81

 -15.81 a  -12.65

 -12.65 a   -9.48

  -9.48 a   -6.32

  -6.32 a   -3.16

  -3.16 a   -0.00

  -0.00 a    0.00

   0.00 a    0.02

Unidades:  kN/m

ESFUERZOS CARACTERÍSTICOS

SISMO

C ortante e je v er tic al

Aleta 2
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  (kN)  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio 14363.7 5227.9 -0.0    0.0 

Terreno. Tierras. Empuje en trasdós    -0.0   -0.0 0.0 6843.0 

Peso propio. Estribo  6264.2 2280.0 -0.0    0.0 

Peso propio. Tablero (incremento) . Fase: estribo en servicio   559.3  203.6 -0.0    0.0 

Peso propio de los componentes estructurales y accesorios no 
estructurales  

  101.7   37.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje    -0.0   -0.0 0.0  520.7 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical    -0.0   -0.0 -0.0    0.0 

Temperatura. Efecto global    126.8   46.2 0.0   83.4 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico     -0.0   -0.0 -0.0    0.0 

 

Resistencia mayorada (RR) : 

 

       Fuerza de rozamiento  :     7794.6  kN 

       Fuerza horizontal estabilizadora  :        0.0  kN 

       Adherencia  :        0.0  kN 

      Total (RR)  :     7794.6  kN 

 
Fuerza desestabilizadora mayorada (RU) :  :     7447.0  kN 

 
Fuerza desestabilizadora, RU = 759.388 < Resistencia mayorada R R = 794.833  ->  Cumple a deslizamiento. 

 

4.2    Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio 
 

 
Sector 9 
 

 
Resistencia mayorada 

(RR) 
RU 

Acción F normal F roz. 
F horiz. 
estab. 

F desest. 

  (kN)  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio 14363.7 5227.9 -0.0    0.0 

Terreno. Tierras. Empuje en trasdós    -0.0   -0.0 0.0 6843.0 

Peso propio. Estribo  6264.2 2280.0 -0.0    0.0 

Peso propio. Tablero (incremento) . Fase: estribo en servicio   559.3  203.6 -0.0    0.0 

Peso propio de los componentes estructurales y accesorios no 
estructurales  

  101.7   37.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje    -0.0   -0.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical    -0.0   -0.0 -0.0    0.0 

Temperatura. Efecto global    126.8   46.2 0.0   83.4 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico     -0.0   -0.0 -0.0    0.0 

 

Resistencia mayorada (RR) : 

 

       Fuerza de rozamiento  :     7794.6  kN 

       Fuerza horizontal estabilizadora  :        0.0  kN 

       Adherencia  :        0.0  kN 

      Total (RR)  :     7794.6  kN 

 

Fuerza desestabilizadora mayorada (RU) :  :     6926.4  kN 

 

Fuerza desestabilizadora, RU = 706.296 < Resistencia mayorada R R = 794.833  ->  Cumple a deslizamiento. 

 

4.3    Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio 

 
 
Sector 9 
 

 Resistencia mayorada RU 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 382 DE 472 

 

 

(RR) 

Acción F normal F roz. 
F horiz. 
estab. 

F desest. 

  (kN)  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio 14363.7 5227.9 -0.0    0.0 

Terreno. Tierras. Empuje en trasdós    -0.0   -0.0 0.0 6843.0 

Peso propio. Estribo  6264.2 2280.0 -0.0    0.0 

Peso propio. Tablero (incremento) . Fase: estribo en servicio   559.3  203.6 -0.0    0.0 

Peso propio de los componentes estructurales y accesorios no 
estructurales  

  101.7   37.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje    -0.0   -0.0 0.0  401.6 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical    -0.0   -0.0 -0.0    0.0 

Temperatura. Efecto global    126.8   46.2 0.0   83.4 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico     -0.0   -0.0 -0.0    0.0 

 

Resistencia mayorada (RR) : 

 

       Fuerza de rozamiento  :     7794.6  kN 

       Fuerza horizontal estabilizadora  :        0.0  kN 

       Adherencia  :        0.0  kN 

      Total (RR)  :     7794.6  kN 

 
Fuerza desestabilizadora mayorada (RU) :  :     7328.0  kN 

 

Fuerza desestabilizadora, RU = 747.252 < Resistencia mayorada R R = 794.833  ->  Cumple a deslizamiento. 

 

4.4    Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en 

servicio 

 
 
Sector 9 
 

 
Resistencia mayorada 

(RR) 
RU 

Acción F normal F roz. 
F horiz. 
estab. 

F desest. 

  (kN)  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio 14363.7 5227.9 -0.0    0.0 

Terreno. Tierras. Empuje en trasdós    -0.0   -0.0 0.0 5068.9 

Peso propio. Estribo  6264.2 2280.0 -0.0    0.0 

Peso propio. Tablero (incremento) . Fase: estribo en servicio   559.3  203.6 -0.0    0.0 
Peso propio de los componentes estructurales y accesorios no 
estructurales  

  113.0   41.1 -0.0    0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje    -0.0   -0.0 0.0  297.5 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical    -0.0   -0.0 -0.0    0.0 

Temperatura. Efecto global     -0.0   -0.0 -0.0    0.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico     -0.0   -0.0 -0.0    0.0 

Sismo. Efecto global   353.9  128.8 0.0  829.9 

 
Resistencia mayorada (RR) : 

 
       Fuerza de rozamiento  :     7881.4  kN 

       Fuerza horizontal estabilizadora  :        0.0  kN 

       Adherencia  :        0.0  kN 

      Total (RR)  :     7881.4  kN 

 

Fuerza desestabilizadora mayorada (RU) :  :     6196.3  kN 

 
Fuerza desestabilizadora, RU = 631.849 < Resistencia mayorada R R = 803.680  ->  Cumple a deslizamiento. 

 

4.5    Resumen de verificaciones 
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Muro frontal : 
 
Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en servicio. Verifica la comprobación. 
 
 
 

5    ESTADO LíMITE DE VUELCO 

 

 
La comprobación de vuelco se lleva a cabo en torno a los 3 extremos de la zapata 
 

5.1    Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio 

 
 
Extremo frontal de la zapata 
 

 Resultante en la base de la zapata 

Acción F vert. F horiz. Momento 

  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio -14363.7    0.0 -69072.8 

Terreno. Tierras. Empuje en trasdós     0.0 6843.0 18567.2 

Peso propio. Estribo -6264.2    0.0 -24271.1 

Peso propio. Tablero (incremento) . Fase: estribo en servicio  -559.3    0.0 -1342.2 
Peso propio de los componentes estructurales y accesorios no 
estructurales  

 -101.7    0.0  -244.1 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje     0.0  520.7  2119.1 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical     0.0    0.0     0.0 

Temperatura. Efecto global   -126.8   83.4   241.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico      0.0    0.0     0.0 

 
 
 

Excentricidad  :     0.694  m 

Excentricidad admisible  :     2.767  m 

 
Excentricidad =  0.694  m  < Exc. admisible =  2.767  m  ->  Cumple a vuelco. 
 

5.2    Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio 

 
 
Extremo frontal de la zapata 
 

 Resultante en la base de la zapata 

Acción F vert. F horiz. Momento 

  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio -14363.7    0.0 -69072.8 

Terreno. Tierras. Empuje en trasdós     0.0 6843.0 18567.2 

Peso propio. Estribo -6264.2    0.0 -24271.1 

Peso propio. Tablero (incremento) . Fase: estribo en servicio  -559.3    0.0 -1342.2 

Peso propio de los componentes estructurales y accesorios no 
estructurales  

 -101.7    0.0  -244.1 



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 4. MODELOS DE CÁLCULO DE 
CABALLETES 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 384 DE 472 

 

 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje     0.0    0.0     0.0 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical     0.0    0.0     0.0 

Temperatura. Efecto global   -126.8   83.4   241.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico      0.0    0.0     0.0 

 
 
 

Excentricidad  :     0.595  m 

Excentricidad admisible  :     2.767  m 

 
Excentricidad =  0.595  m  < Exc. admisible =  2.767  m  ->  Cumple a vuelco. 
 

5.3    Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio 
 

 
Extremo frontal de la zapata 
 

 Resultante en la base de la zapata 

Acción F vert. F horiz. Momento 

  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio -14363.7    0.0 -69072.8 

Terreno. Tierras. Empuje en trasdós     0.0 6843.0 18567.2 

Peso propio. Estribo -6264.2    0.0 -24271.1 

Peso propio. Tablero (incremento) . Fase: estribo en servicio  -559.3    0.0 -1342.2 

Peso propio de los componentes estructurales y accesorios no 
estructurales  

 -101.7    0.0  -244.1 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje     0.0  401.6  1634.7 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical     0.0    0.0     0.0 

Temperatura. Efecto global   -126.8   83.4   241.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico      0.0    0.0     0.0 

 
 
 

Excentricidad  :     0.672  m 

Excentricidad admisible  :     2.767  m 

 
Excentricidad =  0.672  m  < Exc. admisible =  2.767  m  ->  Cumple a vuelco. 
 

5.4    Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en 
servicio 

 
 
Extremo frontal de la zapata 
 

 Resultante en la base de la zapata 

Acción F vert. F horiz. Momento 

  (kN)  (kN)  (kN) 

Terreno. Tierras. Peso propio -14363.7    0.0 -69072.8 

Terreno. Tierras. Empuje en trasdós     0.0 5068.9 13753.5 

Peso propio. Estribo -6264.2    0.0 -24271.1 

Peso propio. Tablero (incremento) . Fase: estribo en servicio  -559.3    0.0 -1342.2 

Peso propio de los componentes estructurales y accesorios no 
estructurales  

 -113.0    0.0  -271.2 

Sobrecargas de uso. Sobrecargas en terraplén. Empuje     0.0  297.5  1210.9 

Sobrecargas de uso. Sobrecargas en terraplén. Acción vertical     0.0    0.0     0.0 

Temperatura. Efecto global      0.0    0.0     0.0 

Sobrecargas de uso. Sobrecargas de uso en tablero. Tráfico      0.0    0.0     0.0 

Sismo. Efecto global  -353.9  829.9  2970.1 
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Excentricidad  :     0.593  m 

Excentricidad admisible  :     3.320  m 

 
Excentricidad =  0.593  m  < Exc. admisible =  3.320  m  ->  Cumple a vuelco. 
 

5.5    Resumen de verificaciones 

 
 
Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en servicio. Verifica la comprobación. 
 
 
 

6    ESTADO LíMITE DE HUNDIMIENTO 
 

 
La comprobación de hundimiento se lleva a cabo evaluando las tensiones en las 4 esquinas de la zapata 
 

6.1    Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio 

 
 
Esquina 1: zarpa delantera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     7447.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29656.6  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -103.1  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -13591.5  kNm 

 

Presión máxima, qu  :    223.2  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu = 223.234  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 2: zarpa trasera. Extremo lateral 1 
 
Fuerza en la dirección longitudinal:   :     7447.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29656.6  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -103.1  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -13591.5  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 3: zarpa trasera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     7447.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 
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Fuerza en la dirección vertical:  :    29656.6  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -103.1  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -13591.5  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 4: zarpa delantera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     7447.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29656.6  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -103.1  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -13591.5  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 

6.2    Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio 
 

 
Esquina 1: zarpa delantera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     6926.4  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29136.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -106.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -10561.4  kNm 

 

Presión máxima, qu  :    213.8  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu = 213.771  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 2: zarpa trasera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     6926.4  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29136.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -106.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -10561.4  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 3: zarpa trasera. Extremo lateral 2 
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Fuerza en la dirección longitudinal:   :     6926.4  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29136.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -106.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -10561.4  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 4: zarpa delantera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     6926.4  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29136.0  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -106.8  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -10561.4  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 

6.3    Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio 
 

 
Esquina 1: zarpa delantera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     7328.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29537.6  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -103.9  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -12898.9  kNm 

 

Presión máxima, qu  :    221.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu = 221.046  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 2: zarpa trasera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     7328.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29537.6  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -103.9  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -12898.9  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
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qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 3: zarpa trasera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     7328.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29537.6  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -103.9  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -12898.9  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 4: zarpa delantera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     7328.0  kN 

Fuerza en la dirección transversal:   :       -0.0  kN 

Fuerza en la dirección vertical:  :    29537.6  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     -103.9  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -12898.9  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 

6.4    Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en 

servicio 

 
 
Esquina 1: zarpa delantera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     6196.3  kN 

Fuerza en la dirección transversal:   :     1082.9  kN 

Fuerza en la dirección vertical:  :    29632.3  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     6433.5  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -11101.2  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 2: zarpa trasera. Extremo lateral 1 
 

Fuerza en la dirección longitudinal:   :     4239.0  kN 

Fuerza en la dirección transversal:   :    -1082.9  kN 

Fuerza en la dirección vertical:  :    28811.5  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :    -6540.7  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :      451.6  kNm 
 

Presión máxima, qu  :    198.6  kN/m2 
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Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu = 198.589  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 3: zarpa trasera. Extremo lateral 2 
 
Fuerza en la dirección longitudinal:   :     6196.3  kN 

Fuerza en la dirección transversal:   :     1082.9  kN 

Fuerza en la dirección vertical:  :    29632.3  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     6433.5  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -11101.2  kNm 

 

Presión máxima, qu  :      0.0  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu =  0.000  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 
Esquina 4: zarpa delantera. Extremo lateral 2 
 

Fuerza en la dirección longitudinal:   :     6196.3  kN 

Fuerza en la dirección transversal:   :     1082.9  kN 

Fuerza en la dirección vertical:  :    29632.3  kN 

Momento en torno al eje longitudinal en el centro de la base de la zapata:   :     6433.5  kNm 

Momento en torno al eje transversal en el centro de la base de la zapata:   :   -11101.2  kNm 

 

Presión máxima, qu  :    223.4  kN/m2 

Resistencia nominal, qn  :    390.0  kN/m2 

Capacidad de carga mayorada, qR  :    390.0  kN/m2 
 
 

qu = 223.413  kN/m2 < q R = 390.000  kN/m2 ->  Cumple a hundimiento. 

 

6.5    Resumen de verificaciones 

 
 
Estado límite de Resistencia. Combinación de Resistencia I. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia III. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Resistencia. Combinación de Resistencia V. Estructura en servicio. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Combinación de Evento Extremo I. Sísmica. Estructura en servicio. Verifica la comprobación. 
 
 
 

7    ESTADO LíMITE DE FLEXIóN 
 

 
7.1    Zapata 

 

 
7.1.1    Esfuerzos de cálculo 
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-691.47 a -576.22

-576.22 a -460.98

-460.98 a -345.73

-345.73 a -230.49

-230.49 a -115.24

-115.24 a   -0.00

  -0.00 a    0.00

   0.00 a   29.19

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje trans v ers al mínimo (armado longitudinal)

Zapata

-361.43 a -289.14

-289.14 a -216.86

-216.86 a -144.57

-144.57 a  -72.29

 -72.29 a   -0.00

  -0.00 a    0.00

   0.00 a   48.07

  48.07 a   96.15

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje trans v ers al máx imo (armado longitudinal)

Zapata
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-412.45 a -309.34

-309.34 a -206.23

-206.23 a -103.11

-103.11 a   -0.00

  -0.00 a    0.00

   0.00 a   65.24

  65.24 a  130.49

 130.49 a  195.73

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje longitudinal mínimo (armado trans v ers al)

Zapata

 -89.36 a  -44.68

 -44.68 a   -0.00

  -0.00 a    0.00

   0.00 a   75.19

  75.19 a  150.38

 150.38 a  225.57

 225.57 a  300.76

 300.76 a  375.95

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje longitudinal máx imo (armado trans v ers al)

Zapata
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-529.07 a -440.89

-440.89 a -352.72

-352.72 a -264.54

-264.54 a -176.36

-176.36 a  -88.18

 -88.18 a   -0.00

  -0.00 a    0.00

   0.00 a   27.13

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje trans v ers al mínimo (armado longitudinal)

Zapata

-379.70 a -303.76

-303.76 a -227.82

-227.82 a -151.88

-151.88 a  -75.94

 -75.94 a   -0.00

  -0.00 a    0.00

   0.00 a   39.78

  39.78 a   79.56

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje trans v ers al máx imo (armado longitudinal)

Zapata
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7.1.2    Armaduras de cálculo 
 
  
 

-329.31 a -246.98

-246.98 a -164.66

-164.66 a  -82.33

 -82.33 a   -0.00

  -0.00 a    0.00

   0.00 a   65.68

  65.68 a  131.36

 131.36 a  197.04

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje longitudinal mínimo (armado trans v ers al)

Zapata

 -74.47 a  -37.24

 -37.24 a   -0.00

  -0.00 a    0.00

   0.00 a   72.21

  72.21 a  144.42

 144.42 a  216.63

 216.63 a  288.84

 288.84 a  361.05

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje longitudinal máx imo (armado trans v ers al)

Zapata
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    -0.0 a      0.0

     0.0 a      1.0

     1.0 a      2.0

     2.0 a      3.0

     3.0 a      4.0

     4.0 a      5.0

     5.0 a      5.9

     5.9 a      6.9

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura longitudinal en c ara infer ior

Zapata

    -0.0 a      0.0

     0.0 a      3.0

     3.0 a      6.0

     6.0 a      9.1

     9.1 a     12.1

    12.1 a     15.1

    15.1 a     18.1

    18.1 a     21.1

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura longitudinal en c ara s uper ior

Zapata
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7.2    Muro frontal 

 
 
7.2.1    Esfuerzos de cálculo 
 
  
 

    -0.0 a      0.0

     0.0 a      1.1

     1.1 a      2.3

     2.3 a      3.4

     3.4 a      4.5

     4.5 a      5.6

     5.6 a      6.8

     6.8 a      7.9

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura trans v ers al en c ara infer ior

Zapata

    -0.0 a      0.0

     0.0 a      1.8

     1.8 a      3.6

     3.6 a      5.3

     5.3 a      7.1

     7.1 a      8.9

     8.9 a     10.7

    10.7 a     12.5

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura trans v ers al en c ara s uperior

Zapata
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-385.22 a -308.17

-308.17 a -231.13

-231.13 a -154.09

-154.09 a  -77.04

 -77.04 a   -0.00

  -0.00 a    0.00

   0.00 a   58.17

  58.17 a  116.35

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Muro frontal

-201.28 a -134.18

-134.18 a  -67.09

 -67.09 a   -0.00

  -0.00 a    0.00

   0.00 a   50.52

  50.52 a  101.03

 101.03 a  151.55

 151.55 a  202.07

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Muro frontal
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-153.26 a -102.17

-102.17 a  -51.09

 -51.09 a   -0.00

  -0.00 a    0.00

   0.00 a   37.81

  37.81 a   75.61

  75.61 a  113.42

 113.42 a  151.22

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Muro frontal

 -85.93 a  -42.97

 -42.97 a   -0.00

  -0.00 a    0.00

   0.00 a   74.37

  74.37 a  148.75

 148.75 a  223.12

 223.12 a  297.49

 297.49 a  371.87

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Muro frontal
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-325.28 a -243.96

-243.96 a -162.64

-162.64 a  -81.32

 -81.32 a   -0.00

  -0.00 a    0.00

   0.00 a   39.60

  39.60 a   79.21

  79.21 a  118.81

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Muro frontal

-194.73 a -129.82

-129.82 a  -64.91

 -64.91 a   -0.00

  -0.00 a    0.00

   0.00 a   39.37

  39.37 a   78.75

  78.75 a  118.12

 118.12 a  157.49

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Muro frontal
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7.2.2    Armaduras de cálculo 
 
  
 

-138.67 a  -92.45

 -92.45 a  -46.22

 -46.22 a   -0.00

  -0.00 a    0.00

   0.00 a   28.97

  28.97 a   57.95

  57.95 a   86.92

  86.92 a  115.90

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Muro frontal

 -88.74 a  -44.37

 -44.37 a   -0.00

  -0.00 a    0.00

   0.00 a   65.47

  65.47 a  130.94

 130.94 a  196.41

 196.41 a  261.89

 261.89 a  327.36

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Muro frontal
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    -0.0 a      0.0

     0.0 a      3.1

     3.1 a      6.3

     6.3 a      9.4

     9.4 a     12.6

    12.6 a     15.7

    15.7 a     18.9

    18.9 a     22.0

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  interior

Muro frontal

    -0.0 a      0.0

     0.0 a      2.5

     2.5 a      5.0

     5.0 a      7.4

     7.4 a      9.9

     9.9 a     12.4

    12.4 a     14.9

    14.9 a     17.4

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  ex ter ior

Muro frontal
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7.3    Aleta 1 

 
 
7.3.1    Esfuerzos de cálculo 
 
  
 

    -0.0 a      0.0

     0.0 a      0.8

     0.8 a      1.6

     1.6 a      2.4

     2.4 a      3.1

     3.1 a      3.9

     3.9 a      4.7

     4.7 a      5.5

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara interior

Muro frontal

    -0.0 a      0.0

     0.0 a      0.5

     0.5 a      1.1

     1.1 a      1.6

     1.6 a      2.2

     2.2 a      2.7

     2.7 a      3.2

     3.2 a      3.8

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara ex ter ior

Muro frontal
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 -17.82 a   -0.00

  -0.00 a    0.00

   0.00 a   25.93

  25.93 a   51.85

  51.85 a   77.78

  77.78 a  103.70

 103.70 a  129.63

 129.63 a  155.56

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 1

 -11.18 a   -0.00

  -0.00 a    0.00

   0.00 a   45.14

  45.14 a   90.27

  90.27 a  135.41

 135.41 a  180.54

 180.54 a  225.68

 225.68 a  270.81

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 1
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 -78.54 a  -52.36

 -52.36 a  -26.18

 -26.18 a   -0.00

  -0.00 a    0.00

   0.00 a   52.31

  52.31 a  104.62

 104.62 a  156.92

 156.92 a  209.23

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 1

 -48.96 a   -0.00

  -0.00 a    0.00

   0.00 a   59.99

  59.99 a  119.98

 119.98 a  179.97

 179.97 a  239.96

 239.96 a  299.94

 299.94 a  359.93

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 1
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 -13.86 a   -0.00

  -0.00 a    0.00

   0.00 a   26.57

  26.57 a   53.14

  53.14 a   79.72

  79.72 a  106.29

 106.29 a  132.86

 132.86 a  159.43

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 1

 -11.64 a   -0.00

  -0.00 a    0.00

   0.00 a   35.10

  35.10 a   70.20

  70.20 a  105.30

 105.30 a  140.39

 140.39 a  175.49

 175.49 a  210.59

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 1
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7.3.2    Armaduras de cálculo 
 
  
 

 -60.86 a  -30.43

 -30.43 a   -0.00

  -0.00 a    0.00

   0.00 a   41.63

  41.63 a   83.25

  83.25 a  124.88

 124.88 a  166.51

 166.51 a  208.13

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 1

 -52.29 a  -26.14

 -26.14 a   -0.00

  -0.00 a    0.00

   0.00 a   56.94

  56.94 a  113.88

 113.88 a  170.83

 170.83 a  227.77

 227.77 a  284.71

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 1
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    -0.0 a      0.0

     0.0 a      2.8

     2.8 a      5.6

     5.6 a      8.4

     8.4 a     11.3

    11.3 a     14.1

    14.1 a     16.9

    16.9 a     19.7

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  interior

Aleta 1

    -0.0 a      0.0

     0.0 a      0.2

     0.2 a      0.4

     0.4 a      0.6

     0.6 a      0.8

     0.8 a      1.0

     1.0 a      1.2

     1.2 a      1.4

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  ex ter ior

Aleta 1
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7.4    Aleta2 

 
 
7.4.1    Esfuerzos de cálculo 
 
  
 

    -0.0 a      0.0

     0.0 a      4.3

     4.3 a      8.6

     8.6 a     12.9

    12.9 a     17.2

    17.2 a     21.5

    21.5 a     25.8

    25.8 a     30.1

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara interior

Aleta 1

    -0.0 a      0.0

     0.0 a      0.9

     0.9 a      1.8

     1.8 a      2.7

     2.7 a      3.6

     3.6 a      4.4

     4.4 a      5.3

     5.3 a      6.2

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara ex ter ior

Aleta 1
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 -17.82 a   -0.00

  -0.00 a    0.00

   0.00 a   25.93

  25.93 a   51.86

  51.86 a   77.79

  77.79 a  103.72

 103.72 a  129.64

 129.64 a  155.57

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 2

 -11.19 a   -0.00

  -0.00 a    0.00

   0.00 a   45.10

  45.10 a   90.20

  90.20 a  135.30

 135.30 a  180.40

 180.40 a  225.50

 225.50 a  270.60

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 2
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 -78.54 a  -52.36

 -52.36 a  -26.18

 -26.18 a   -0.00

  -0.00 a    0.00

   0.00 a   52.31

  52.31 a  104.61

 104.61 a  156.92

 156.92 a  209.23

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 2

 -48.96 a   -0.00

  -0.00 a    0.00

   0.00 a   60.03

  60.03 a  120.05

 120.05 a  180.08

 180.08 a  240.11

 240.11 a  300.14

 300.14 a  360.16

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE RESISTENCIA

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 2
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 -13.97 a   -0.00

  -0.00 a    0.00

   0.00 a   26.55

  26.55 a   53.09

  53.09 a   79.64

  79.64 a  106.18

 106.18 a  132.73

 132.73 a  159.27

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 2

 -11.54 a   -0.00

  -0.00 a    0.00

   0.00 a   35.09

  35.09 a   70.18

  70.18 a  105.27

 105.27 a  140.36

 140.36 a  175.46

 175.46 a  210.55

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 2
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7.4.2    Armaduras de cálculo 
 
  
 

 -61.10 a  -30.55

 -30.55 a   -0.00

  -0.00 a    0.00

   0.00 a   41.92

  41.92 a   83.84

  83.84 a  125.76

 125.76 a  167.69

 167.69 a  209.61

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 2

 -52.14 a  -26.07

 -26.07 a   -0.00

  -0.00 a    0.00

   0.00 a   56.71

  56.71 a  113.42

 113.42 a  170.13

 170.13 a  226.84

 226.84 a  283.56

Unidades:  kNm/m

ESFUERZOS. EL ROTURA POR FLEXIóN

ESTADO LíMITE DE EVENTO EXTREMO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 2
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    -0.0 a      0.0

     0.0 a      2.8

     2.8 a      5.6

     5.6 a      8.4

     8.4 a     11.2

    11.2 a     14.0

    14.0 a     16.9

    16.9 a     19.7

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  interior

Aleta 2

    -0.0 a      0.0

     0.0 a      0.2

     0.2 a      0.4

     0.4 a      0.6

     0.6 a      0.8

     0.8 a      1.0

     1.0 a      1.2

     1.2 a      1.4

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura horiz ontal en c ara  ex ter ior

Aleta 2
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7.5    Resumen de verificaciones 

 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Pilotes. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Losa de transición. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Pilotes. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Losa de transición. Verifica la comprobación. 

    -0.0 a      0.0

     0.0 a      4.3

     4.3 a      8.6

     8.6 a     12.9

    12.9 a     17.2

    17.2 a     21.5

    21.5 a     25.8

    25.8 a     30.0

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara interior

Aleta 2

    -0.0 a      0.0

     0.0 a      0.9

     0.9 a      1.8

     1.8 a      2.7

     2.7 a      3.6

     3.6 a      4.4

     4.4 a      5.3

     5.3 a      6.2

Unidades:  cm²/m

CUANTÍAS. EL ROTURA POR FLEXIóN

ENVOLVENTE GLOBAL

Armadura v ertic al en c ara ex ter ior

Aleta 2
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Zapata : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
 
 
Muro frontal : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
 
 
Aleta 1 : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
 
 
Aleta 2 : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
 
 

8    ESTADO LíMITE DE FISURACIóN 

 
 

8.1    Zapata 
 

 
8.1.1    Esfuerzos de cálculo 
 
  
 

  
  

-481.37 a -401.14

-401.14 a -320.92

-320.92 a -240.69

-240.69 a -160.46

-160.46 a  -80.23

 -80.23 a   -0.00

  -0.00 a    0.00

   0.00 a   35.69

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje trans v ers al mínimo (armado longitudinal)

Zapata
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-429.98 a -358.31

-358.31 a -286.65

-286.65 a -214.99

-214.99 a -143.33

-143.33 a  -71.66

 -71.66 a   -0.00

  -0.00 a    0.00

   0.00 a   50.50

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje trans v ers al máx imo (armado longitudinal)

Zapata

-225.18 a -150.12

-150.12 a  -75.06

 -75.06 a   -0.00

  -0.00 a    0.00

   0.00 a   58.80

  58.80 a  117.60

 117.60 a  176.40

 176.40 a  235.20

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje longitudinal mínimo (armado trans v ers al)

Zapata
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8.1.2    Cálculo de E.L. de fisuración 
 
Zapata. Armadura transversal. Cara inferior 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. 
flexión 

Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara inferior Cara 
superior 

            

   (m)  (m)  (cm2)  (cm2)    (kN)  (kNm)  (mm)  (mm)  (mm) 

1    1.000    1.200    10.83    16.58 3 #7 a 
0.350  m 

   -137.9    -211.9 0.00  350 1000 

2    1.000    1.200    10.83    16.58 3 #7 a 
0.350  m 

    175.3       3.1 0.00  350 1000 

3    1.000    1.200    10.83    16.58 3 #7 a 
0.350  m 

     64.2     276.0 0.40  350  451 

4    1.000    1.200    10.83    16.58 3 #7 a 
0.350  m 

     64.2     276.0 0.40  350  451 

 
  

wk: abertura de fisura en la fibra de la cara inferior 

sk: separación entre barras en la fibra de la cara inferior 

 
El momento positivo comprime la fibra de la cara superior 
 
Sí cumple. 
 
 
Zapata. Armadura longitudinal. Cara inferior 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara inferior Cara superior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

-157.97 a -105.31

-105.31 a  -52.66

 -52.66 a   -0.00

  -0.00 a    0.00

   0.00 a   69.00

  69.00 a  137.99

 137.99 a  206.99

 206.99 a  275.98

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje longitudinal máx imo (armado trans v ers al)

Zapata
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1    1.000    1.200    10.83    25.83 3 #7 a 
0.350  m 

   -271.1     -
71.7 

0.13  350 1687 

2    1.000    1.200    10.83    25.83 3 #7 a 
0.350  m 

    135.8      -
1.5 

0.00  350 1000 

3    1.000    1.200    10.83    25.83 3 #7 a 
0.350  m 

   -243.0      
50.5 

0.33  350  563 

4    1.000    1.200    10.83    25.83 3 #7 a 
0.350  m 

   -243.0      
50.5 

0.33  350  563 

 
  

wk: abertura de fisura en la fibra de la cara inferior 

sk: separación entre barras en la fibra de la cara inferior 

 
El momento positivo comprime la fibra de la cara superior 
 
Sí cumple. 
 
 
Zapata. Armadura transversal. Cara superior 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara inferior Cara superior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    1.200    10.83    16.58 4 #8 a 
0.300  m 

   -137.9    -
225.2 

0.28  300  579 

2    1.000    1.200    10.83    16.58 4 #8 a 
0.300  m 

    175.3       
3.1 

0.00  300 1000 

3    1.000    1.200    10.83    16.58 4 #8 a 
0.300  m 

   -137.9    -
225.2 

0.28  300  579 

4    1.000    1.200    10.83    16.58 4 #8 a 
0.300  m 

   -137.9    -
225.2 

0.28  300  579 

 
  
wk: abertura de fisura en la fibra de la cara superior 

sk: separación entre barras en la fibra de la cara superior 

 
El momento positivo comprime la fibra de la cara superior 
 
Sí cumple. 
 
 
Zapata. Armadura longitudinal. Cara superior 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara inferior Cara superior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    1.200    10.83    25.83 4 #10 a 
0.300  m 

   -271.1     -
71.7 

0.14  300 1326 

2    1.000    1.200    10.83    25.83 4 #10 a 
0.300  m 

    135.8      -
2.0 

0.00  300 1000 

3    1.000    1.200    10.83    25.83 4 #10 a 
0.300  m 

   -232.0    -
481.4 

0.39  300  372 
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4    1.000    1.200    10.83    25.83 4 #10 a 
0.300  m 

   -232.0    -
481.4 

0.39  300  372 

 
  
wk: abertura de fisura en la fibra de la cara superior 

sk: separación entre barras en la fibra de la cara superior 

 
El momento positivo comprime la fibra de la cara superior 
 
Sí cumple. 
 
 
 

8.2    Muro frontal 

 
 
8.2.1    Esfuerzos de cálculo 
 
  
 

  
  
 

-277.72 a -208.29

-208.29 a -138.86

-138.86 a  -69.43

 -69.43 a   -0.00

  -0.00 a    0.00

   0.00 a   43.61

  43.61 a   87.21

  87.21 a  130.82

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Muro frontal
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-239.66 a -159.77

-159.77 a  -79.89

 -79.89 a   -0.00

  -0.00 a    0.00

   0.00 a   36.37

  36.37 a   72.74

  72.74 a  109.12

 109.12 a  145.49

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Muro frontal

-112.37 a  -74.91

 -74.91 a  -37.46

 -37.46 a   -0.00

  -0.00 a    0.00

   0.00 a   47.77

  47.77 a   95.54

  95.54 a  143.31

 143.31 a  191.08

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Muro frontal
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8.2.2    Cálculo de E.L. de fisuración 
 
Muro frontal. Muro. Armadura vertical. Cara exterior 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

     93.6      -
3.1 

0.00  350 1000 

2    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

    410.8     
119.4 

0.00  350 1000 

3    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

    111.7    -
100.2 

0.08  350 2900 

4    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

    113.7    -
100.3 

0.08  350 2967 

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Muro. Armadura horizontal. Cara exterior  
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

 -96.71 a  -64.47

 -64.47 a  -32.24

 -32.24 a   -0.00

  -0.00 a    0.00

   0.00 a   63.01

  63.01 a  126.01

 126.01 a  189.02

 189.02 a  252.03

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Muro frontal
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1    1.000    2.100    12.70    23.11 3 #10 a 
0.350  m 

   -610.9    -
277.7 

0.37  350  498 

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Muro. Armadura vertical. Cara interior 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

     93.6      -
3.1 

0.00  350 1000 

2    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

    410.8     
119.4 

0.00  350 97327 

3    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

    269.8     
252.0 

0.20  350 1002 

4    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

    269.8     
252.0 

0.20  350 1002 

 
  

wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Muro. Armadura horizontal. Cara interior 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

   -230.7     -
98.2 

0.04  350 5036 

2    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

    190.8      
55.3 

0.00  350 199164 

3    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

   -106.8     
103.2 

0.27  350  732 

4    1.000    1.200    10.83    10.83 3 #7 a 
0.350  m 

   -106.8     
103.2 

0.27  350  732 

 
  

wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 
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No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 422 DE 472 

 

 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Espaldón. Armadura vertical. Cara trasera 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 
 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

    -14.0      
20.3 

0.25  250  582 

2    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

     52.3      
11.5 

0.02  250 7621 

3    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

     -8.9      
33.4 

0.37  250  327 

4    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

     -8.9      
33.4 

0.37  250  327 

 
  
wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Espaldón. Armadura horizontal. Cara trasera 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.450    22.01     4.06 6 #7 a 
0.175  m 

   -381.2     
144.7 

0.35  175  248 

2    1.000    0.450    22.01     4.06 6 #7 a 
0.175  m 

     76.9      -
1.7 

0.00  175 1000 

3    1.000    0.450    22.01     4.06 6 #7 a 
0.175  m 

   -380.5     
145.5 

0.35  175  247 

4    1.000    0.450    22.01     4.06 6 #7 a 
0.175  m 

   -380.5     
145.5 

0.35  175  247 

 
  

wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Espaldón. Armadura vertical. Cara frontal 
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Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis   Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk 

           

        Cara interior Cara exterior           

           

   (m)  (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm) 

           

1    0.000    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

      0.0       
0.0 

0.00    0 

           

2    0.000    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

      0.0       
0.0 

0.00    0 

           

3    0.000    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

      0.0       
0.0 

0.00    0 

           

4    0.000    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

      0.0       
0.0 

0.00    0 

           

5    1.000    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

    -13.9      
20.1 

0.02  250 

           

6    1.000    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

     52.3      
11.5 

0.00  250 

           

7    1.000    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

     39.2     -
43.9 

0.39  250 

           

8    1.000    1.000    0.450     4.83     5.05 4 #4 a 
0.250  m 

     39.2     -
43.9 

0.39  250 

           

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Muro frontal. Espaldón. Armadura horizontal. Cara frontal 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis   Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk 

           

        Cara interior Cara exterior           

           

   (m)  (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm) 

           

1    0.000    1.000    0.450    22.01     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 
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2    0.000    1.000    0.450    22.01     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

3    0.000    1.000    0.450    22.01     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

4    0.000    1.000    0.450    22.01     4.06 4 #4 a 
0.300  m 

      0.0       
0.0 

0.00    0 

           

5    1.000    1.000    0.450    22.01     4.06 4 #4 a 
0.300  m 

   -381.2     
144.7 

0.00  300 

           

6    1.000    1.000    0.450    22.01     4.06 4 #4 a 
0.300  m 

     76.9      -
1.7 

0.00  300 

           

7    1.000    1.000    0.450    22.01     4.06 4 #4 a 
0.300  m 

    -69.9      -
8.0 

0.26  300 

           

8    1.000    1.000    0.450    22.01     4.06 4 #4 a 
0.300  m 

    -69.2      -
8.1 

0.26  300 

           

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
 

8.3    Aleta 1 

 
 
8.3.1    Esfuerzos de cálculo 
 
  

 
  

 -13.06 a   -0.00

  -0.00 a    0.00

   0.00 a   29.19

  29.19 a   58.39

  58.39 a   87.58

  87.58 a  116.78

 116.78 a  145.97

 145.97 a  175.17

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 1
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 -12.48 a   -0.00

  -0.00 a    0.00

   0.00 a   32.49

  32.49 a   64.99

  64.99 a   97.48

  97.48 a  129.98

 129.98 a  162.47

 162.47 a  194.96

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 1

 -57.48 a  -28.74

 -28.74 a   -0.00

  -0.00 a    0.00

   0.00 a   47.28

  47.28 a   94.56

  94.56 a  141.83

 141.83 a  189.11

 189.11 a  236.39

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 1
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8.3.2    Cálculo de E.L. de fisuración 
 
Aleta 1. Muro. Armadura vertical. Cara exterior 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    30.06     8.25 7 #4 a 
0.150  m 

   -243.5     
256.8 

0.00  150 1000 

2    1.000    0.500    30.06     8.25 7 #4 a 
0.150  m 

     88.7       
1.7 

0.00  150 1000 

3    1.000    0.500    30.06     8.25 7 #4 a 
0.150  m 

    -14.2     -
57.4 

0.25  150  386 

4    1.000    0.500    30.06     8.25 7 #4 a 
0.150  m 

    -13.8     -
57.5 

0.25  150  386 

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 1. Muro. Armadura horizontal. Cara exterior 
 

Recubrimiento mecánico: 0.050  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

 -54.66 a  -27.33

 -27.33 a   -0.00

  -0.00 a    0.00

   0.00 a   51.42

  51.42 a  102.83

 102.83 a  154.25

 154.25 a  205.67

 205.67 a  257.09

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 1
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1    1.000    0.500    19.69     4.51 7 #3 a 
0.150  m 

   -166.5      
56.6 

0.00  150 1000 

2    1.000    0.500    19.69     4.51 7 #3 a 
0.150  m 

     82.8      
27.9 

0.00  150 1000 

3    1.000    0.500    19.69     4.51 7 #3 a 
0.150  m 

    -12.8     -
13.0 

0.08  150 1266 

4    1.000    0.500    19.69     4.51 7 #3 a 
0.150  m 

    -11.8     -
13.1 

0.08  150 1281 

 
  

wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 1. Muro. Armadura vertical. Cara interior 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    30.06     8.25 8 #7 a 
0.125  m 

   -243.5     
256.8 

0.33  125  212 

2    1.000    0.500    30.06     8.25 8 #7 a 
0.125  m 

     88.7       
1.7 

0.00  125 1000 

3    1.000    0.500    30.06     8.25 8 #7 a 
0.125  m 

   -239.9     
257.1 

0.33  125  213 

4    1.000    0.500    30.06     8.25 8 #7 a 
0.125  m 

   -237.6     
257.1 

0.33  125  214 

 
  
wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 1. Muro. Armadura horizontal. Cara interior (zona inferior) 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    19.69     4.51 10 #5 a 
0.100  m 

   -166.5      
56.6 

0.11  100  780 

2    1.000    0.500    19.69     4.51 10 #5 a 
0.100  m 

     82.8      
27.9 

0.01  100 6536 

3    1.000    0.500    19.69     4.51 10 #5 a 
0.100  m 

   -130.7     
195.0 

0.26  100  254 
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4    1.000    0.500    19.69     4.51 10 #5 a 
0.100  m 

   -130.7     
195.0 

0.26  100  254 

 
  
wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
 

8.4    Aleta2 

 
 
8.4.1    Esfuerzos de cálculo 
 
  
 

  
  
 

 -13.06 a   -0.00

  -0.00 a    0.00

   0.00 a   29.20

  29.20 a   58.40

  58.40 a   87.61

  87.61 a  116.81

 116.81 a  146.01

 146.01 a  175.21

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al mínimo (armado hor iz on tal)

Aleta 2
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 -12.48 a   -0.00

  -0.00 a    0.00

   0.00 a   32.46

  32.46 a   64.91

  64.91 a   97.37

  97.37 a  129.82

 129.82 a  162.28

 162.28 a  194.73

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje v er tic al máx imo (armado hor iz ontal)

Aleta 2

 -57.49 a  -28.74

 -28.74 a   -0.00

  -0.00 a    0.00

   0.00 a   47.27

  47.27 a   94.55

  94.55 a  141.82

 141.82 a  189.10

 189.10 a  236.37

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal mínimo (armado v er tic al)

Aleta 2
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8.4.2    Cálculo de E.L. de fisuración 
 
Aleta 2. Muro. Armadura vertical. Cara exterior 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    30.04     8.25 7 #4 a 
0.150  m 

   -242.8     
257.1 

0.00  150 1000 

2    1.000    0.500    30.04     8.25 7 #4 a 
0.150  m 

     89.6       
1.9 

0.00  150 1000 

3    1.000    0.500    30.04     8.25 7 #4 a 
0.150  m 

    -14.1     -
57.4 

0.25  150  386 

4    1.000    0.500    30.04     8.25 7 #4 a 
0.150  m 

    -13.7     -
57.5 

0.25  150  386 

 
  
wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 2. Muro. Armadura horizontal. Cara exterior 
 

Recubrimiento mecánico: 0.050  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

 -54.65 a  -27.32

 -27.32 a   -0.00

  -0.00 a    0.00

   0.00 a   51.46

  51.46 a  102.92

 102.92 a  154.38

 154.38 a  205.84

 205.84 a  257.29

Unidades:  kNm/m

ESFUERZOS. EL FISURACIóN

ESTADO LíMITE DE SERVICIO

Momento de eje hor iz ontal máx imo (armado v er tic al)

Aleta 2
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1    1.000    0.500    19.67     4.51 7 #3 a 
0.150  m 

   -166.8      
56.6 

0.00  150 1000 

2    1.000    0.500    19.67     4.51 7 #3 a 
0.150  m 

     82.5      
27.5 

0.00  150 1000 

3    1.000    0.500    19.67     4.51 7 #3 a 
0.150  m 

    -12.8     -
13.0 

0.08  150 1270 

4    1.000    0.500    19.67     4.51 7 #3 a 
0.150  m 

    -11.7     -
13.1 

0.08  150 1284 

 
  

wk: abertura de fisura en la fibra de la cara exterior 

sk: separación entre barras en la fibra de la cara exterior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 2. Muro. Armadura vertical. Cara interior 
 

Recubrimiento mecánico: 0.080  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    30.04     8.25 8 #7 a 
0.125  m 

   -242.8     
257.1 

0.33  125  212 

2    1.000    0.500    30.04     8.25 8 #7 a 
0.125  m 

     89.6       
1.9 

0.00  125 1000 

3    1.000    0.500    30.04     8.25 8 #7 a 
0.125  m 

   -239.2     
257.3 

0.33  125  213 

4    1.000    0.500    30.04     8.25 8 #7 a 
0.125  m 

   -236.9     
257.3 

0.33  125  214 

 
  
wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
Aleta 2. Muro. Armadura horizontal. Cara interior (zona inferior) 
 

Recubrimiento mecánico: 0.060  m 

Recubrimiento geométrico: 0.050  m 

 

Hipótesis Ancho Canto As. flexión As. flexión Arm. 
dispuesta 

Nk Mk wk sk sadm 

      Cara interior Cara exterior             

   (m)  (m)  (cm2)  (cm2)    (kN)  
(kNm) 

 
(mm) 

 (mm)  (mm) 

1    1.000    0.500    19.67     4.51 10 #5 a 
0.100  m 

   -166.8      
56.6 

0.11  100  781 

2    1.000    0.500    19.67     4.51 10 #5 a 
0.100  m 

     82.6      
27.9 

0.01  100 6487 

3    1.000    0.500    19.67     4.51 10 #5 a 
0.100  m 

   -129.7     
194.7 

0.26  100  255 
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4    1.000    0.500    19.67     4.51 10 #5 a 
0.100  m 

   -129.7     
194.7 

0.26  100  255 

 
  
wk: abertura de fisura en la fibra de la cara interior 

sk: separación entre barras en la fibra de la cara interior 

 
El momento positivo comprime la fibra de la cara exterior 
 
Sí cumple. 
 
 
 

8.5    Resumen de verificaciones 

 
 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Pilotes. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Zapata. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Muro frontal. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Aleta 1. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Aleta 2. Verifica la comprobación. 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Losa de transición. Verifica la comprobación. 
 
 
Zapata : 
 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Zapata. Verifica la comprobación. 
 
 
Muro frontal : 
 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Muro frontal. Verifica la comprobación. 
 
 
Aleta 1 : 
 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Aleta 1. Verifica la comprobación. 
 
 
Aleta 2 : 
 
Estado límite de Servicio. Combinación de Servicio I. Estructura en servicio. Aleta 2. Verifica la comprobación. 
 
 

9    ESTADO LíMITE DE CORTANTE 
 

 

9.1    Zapata 
 

 
9.1.1    Esfuerzos de cálculo 
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-361.87 a -271.40

-271.40 a -180.93

-180.93 a  -90.47

 -90.47 a   -0.00

  -0.00 a    0.00

   0.00 a   43.67

  43.67 a   87.33

  87.33 a  131.00

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je longitudinal mínimo

Zapata

-131.11 a  -87.41

 -87.41 a  -43.70

 -43.70 a   -0.00

  -0.00 a    0.00

   0.00 a   90.44

  90.44 a  180.88

 180.88 a  271.32

 271.32 a  361.76

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je longitudinal máx imo

Zapata
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-363.33 a -290.66

-290.66 a -218.00

-218.00 a -145.33

-145.33 a  -72.67

 -72.67 a   -0.00

  -0.00 a    0.00

   0.00 a   59.44

  59.44 a  118.88

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je trans v ers al mínimo

Zapata

-215.74 a -143.83

-143.83 a  -71.91

 -71.91 a   -0.00

  -0.00 a    0.00

   0.00 a   50.41

  50.41 a  100.82

 100.82 a  151.23

 151.23 a  201.64

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je trans v ers al máx imo

Zapata
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-281.25 a -210.94

-210.94 a -140.63

-140.63 a  -70.31

 -70.31 a   -0.00

  -0.00 a    0.00

   0.00 a   39.16

  39.16 a   78.32

  78.32 a  117.48

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je longitudinal mínimo

Zapata

-138.70 a  -92.47

 -92.47 a  -46.23

 -46.23 a   -0.00

  -0.00 a    0.00

   0.00 a   75.42

  75.42 a  150.85

 150.85 a  226.27

 226.27 a  301.69

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je longitudinal máx imo

Zapata
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9.1.2    Comprobación de las bielas de compresión 
 
  
 

-378.37 a -302.70

-302.70 a -227.02

-227.02 a -151.35

-151.35 a  -75.67

 -75.67 a   -0.00

  -0.00 a    0.00

   0.00 a   43.15

  43.15 a   86.30

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je trans v ers al mínimo

Zapata

-217.03 a -144.68

-144.68 a  -72.34

 -72.34 a   -0.00

  -0.00 a    0.00

   0.00 a   55.09

  55.09 a  110.18

 110.18 a  165.27

 165.27 a  220.37

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je trans v ers al máx imo

Zapata
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9.1.3    Armaduras de cortante  
 
  
 

  
  
 

-0.000 a  0.000

 0.000 a  0.008

 0.008 a  0.015

 0.015 a  0.023

 0.023 a  0.030

 0.030 a  0.038

 0.038 a  0.046

 0.046 a  0.053

EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

C omprobac ión s obre las  bie las  de  c ompres ión

Zapata

  -0.0 a    0.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura de c álc ulo de c or tante

Zapata
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9.2    Muro frontal 
 

 
9.2.1    Esfuerzos de cálculo 
 
  
 

  
  
 

  -0.0 a    0.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura mínima de c or tante

Zapata

-659.16 a -494.37

-494.37 a -329.58

-329.58 a -164.79

-164.79 a   -0.00

  -0.00 a    0.00

   0.00 a  124.90

 124.90 a  249.80

 249.80 a  374.70

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal mínimo

Muro frontal
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-375.06 a -250.04

-250.04 a -125.02

-125.02 a   -0.00

  -0.00 a    0.00

   0.00 a  164.80

 164.80 a  329.60

 329.60 a  494.40

 494.40 a  659.20

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal máx imo

Muro frontal

-198.85 a -132.56

-132.56 a  -66.28

 -66.28 a   -0.00

  -0.00 a    0.00

   0.00 a   38.04

  38.04 a   76.07

  76.07 a  114.11

 114.11 a  152.15

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al mínimo

Muro frontal
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-109.91 a  -73.27

 -73.27 a  -36.64

 -36.64 a   -0.00

  -0.00 a    0.00

   0.00 a   68.78

  68.78 a  137.56

 137.56 a  206.35

 206.35 a  275.13

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al máx imo

Muro frontal

-506.80 a -337.87

-337.87 a -168.93

-168.93 a   -0.00

  -0.00 a    0.00

   0.00 a   97.20

  97.20 a  194.39

 194.39 a  291.59

 291.59 a  388.79

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal mínimo

Muro frontal
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-390.16 a -260.11

-260.11 a -130.05

-130.05 a   -0.00

  -0.00 a    0.00

   0.00 a  126.99

 126.99 a  253.99

 253.99 a  380.98

 380.98 a  507.98

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal máx imo

Muro frontal

-162.35 a -108.23

-108.23 a  -54.12

 -54.12 a   -0.00

  -0.00 a    0.00

   0.00 a   37.63

  37.63 a   75.26

  75.26 a  112.89

 112.89 a  150.52

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al mínimo

Muro frontal
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9.2.2    Comprobación de las bielas de compresión 
 
  
 

  
 
9.2.3    Armaduras de cortante  
 
  
 

-114.58 a  -76.39

 -76.39 a  -38.19

 -38.19 a   -0.00

  -0.00 a    0.00

   0.00 a   55.06

  55.06 a  110.12

 110.12 a  165.18

 165.18 a  220.24

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al máx imo

Muro frontal

 0.001 a  0.038

 0.038 a  0.075

 0.075 a  0.111

 0.111 a  0.148

 0.148 a  0.184

 0.184 a  0.221

 0.221 a  0.257

 0.257 a  0.294

EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

C omprobac ión s obre las  bie las  de  c ompres ión

Muro frontal
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9.3    Aleta 1 

 
 
9.3.1    Esfuerzos de cálculo 
 
  
 

  -0.0 a    0.0

   0.0 a    7.0

   7.0 a   14.0

  14.0 a   20.9

  20.9 a   27.9

  27.9 a   34.9

  34.9 a   41.9

  41.9 a   48.9

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura de c álc ulo de c or tante

Muro frontal

  -0.0 a    0.0

   0.0 a    1.6

   1.6 a    3.1

   3.1 a    4.7

   4.7 a    6.3

   6.3 a    7.8

   7.8 a    9.4

   9.4 a   11.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura mínima de c or tante

Muro frontal
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-254.18 a -190.64

-190.64 a -127.09

-127.09 a  -63.55

 -63.55 a   -0.00

  -0.00 a    0.00

   0.00 a   29.50

  29.50 a   58.99

  58.99 a   88.49

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal mínimo

Aleta 1

-142.96 a  -95.31

 -95.31 a  -47.65

 -47.65 a   -0.00

  -0.00 a    0.00

   0.00 a   38.11

  38.11 a   76.22

  76.22 a  114.34

 114.34 a  152.45

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal máx imo

Aleta 1
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-335.30 a -223.54

-223.54 a -111.77

-111.77 a   -0.00

  -0.00 a    0.00

   0.00 a   52.15

  52.15 a  104.31

 104.31 a  156.46

 156.46 a  208.62

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al mínimo

Aleta 1

-194.87 a -129.91

-129.91 a  -64.96

 -64.96 a   -0.00

  -0.00 a    0.00

   0.00 a   85.51

  85.51 a  171.03

 171.03 a  256.54

 256.54 a  342.06

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al máx imo

Aleta 1
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-234.21 a -175.66

-175.66 a -117.10

-117.10 a  -58.55

 -58.55 a   -0.00

  -0.00 a    0.00

   0.00 a   31.04

  31.04 a   62.07

  62.07 a   93.11

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal mínimo

Aleta 1

-138.97 a  -92.65

 -92.65 a  -46.32

 -46.32 a   -0.00

  -0.00 a    0.00

   0.00 a   29.24

  29.24 a   58.47

  58.47 a   87.71

  87.71 a  116.95

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal máx imo

Aleta 1
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9.3.2    Comprobación de las bielas de compresión 
 
  
 

-259.96 a -173.30

-173.30 a  -86.65

 -86.65 a   -0.00

  -0.00 a    0.00

   0.00 a   53.68

  53.68 a  107.35

 107.35 a  161.03

 161.03 a  214.71

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al mínimo

Aleta 1

-201.03 a -134.02

-134.02 a  -67.01

 -67.01 a   -0.00

  -0.00 a    0.00

   0.00 a   66.64

  66.64 a  133.28

 133.28 a  199.92

 199.92 a  266.56

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al máx imo

Aleta 1
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9.3.3    Armaduras de cortante  
 
  
 

  
  
 

 0.001 a  0.027

 0.027 a  0.054

 0.054 a  0.080

 0.080 a  0.106

 0.106 a  0.133

 0.133 a  0.159

 0.159 a  0.185

 0.185 a  0.212

EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

C omprobac ión s obre las  bie las  de  c ompres ión

Aleta 1

  -0.0 a    0.0

   0.0 a    3.1

   3.1 a    6.3

   6.3 a    9.4

   9.4 a   12.6

  12.6 a   15.7

  15.7 a   18.8

  18.8 a   22.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura de c álc ulo de c or tante

Aleta 1
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9.4    Aleta2 
 

 
9.4.1    Esfuerzos de cálculo 
 
  
 

  
  
 

  -0.0 a    0.0

   0.0 a    1.6

   1.6 a    3.1

   3.1 a    4.7

   4.7 a    6.3

   6.3 a    7.8

   7.8 a    9.4

   9.4 a   11.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura mínima de c or tante

Aleta 1

-152.28 a -101.52

-101.52 a  -50.76

 -50.76 a   -0.00

  -0.00 a    0.00

   0.00 a   35.52

  35.52 a   71.05

  71.05 a  106.57

 106.57 a  142.10

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal mínimo

Aleta 2
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 -88.52 a  -59.01

 -59.01 a  -29.51

 -29.51 a   -0.00

  -0.00 a    0.00

   0.00 a   63.60

  63.60 a  127.21

 127.21 a  190.81

 190.81 a  254.41

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je hor iz ontal máx imo

Aleta 2

-335.01 a -223.34

-223.34 a -111.67

-111.67 a   -0.00

  -0.00 a    0.00

   0.00 a   52.16

  52.16 a  104.32

 104.32 a  156.47

 156.47 a  208.63

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al mínimo

Aleta 2
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-194.91 a -129.94

-129.94 a  -64.97

 -64.97 a   -0.00

  -0.00 a    0.00

   0.00 a   85.52

  85.52 a  171.04

 171.04 a  256.55

 256.55 a  342.07

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE RESISTENCIA

C ortante e je v er tic al máx imo

Aleta 2

-116.90 a  -77.93

 -77.93 a  -38.97

 -38.97 a   -0.00

  -0.00 a    0.00

   0.00 a   35.20

  35.20 a   70.40

  70.40 a  105.60

 105.60 a  140.80

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal mínimo

Aleta 2
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 -93.01 a  -62.01

 -62.01 a  -31.00

 -31.00 a   -0.00

  -0.00 a    0.00

   0.00 a   53.74

  53.74 a  107.48

 107.48 a  161.22

 161.22 a  214.97

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je hor iz ontal máx imo

Aleta 2

-259.82 a -173.21

-173.21 a  -86.61

 -86.61 a   -0.00

  -0.00 a    0.00

   0.00 a   53.57

  53.57 a  107.15

 107.15 a  160.72

 160.72 a  214.30

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al mínimo

Aleta 2
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9.4.2    Comprobación de las bielas de compresión 
 
  
 

  
 
9.4.3    Armaduras de cortante  
 
  
 

-200.91 a -133.94

-133.94 a  -66.97

 -66.97 a   -0.00

  -0.00 a    0.00

   0.00 a   66.75

  66.75 a  133.50

 133.50 a  200.25

 200.25 a  267.00

Unidades:  kN/m

ESFUERZOS. EL ROTURA POR CORTANTE

ESTADO LíMITE DE EVENTO EXTREMO

C ortante e je v er tic al máx imo

Aleta 2

 0.001 a  0.027

 0.027 a  0.054

 0.054 a  0.080

 0.080 a  0.107

 0.107 a  0.133

 0.133 a  0.160

 0.160 a  0.186

 0.186 a  0.213

EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

C omprobac ión s obre las  bie las  de  c ompres ión

Aleta 2
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9.5    Resumen de verificaciones 

 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Pilotes. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
Estado límite de Resistencia. Envolvente global. Envolvente global. Losa de transición. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Pilotes. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Losa de transición. Verifica la comprobación. 

  -0.0 a    0.0

   0.0 a    3.1

   3.1 a    6.3

   6.3 a    9.4

   9.4 a   12.6

  12.6 a   15.7

  15.7 a   18.8

  18.8 a   22.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura de c álc ulo de c or tante

Aleta 2

  -0.0 a    0.0

   0.0 a    1.6

   1.6 a    3.1

   3.1 a    4.7

   4.7 a    6.3

   6.3 a    7.8

   7.8 a    9.4

   9.4 a   11.0

Unidades:  cm²/m²

CUANTÍAS. EL ROTURA POR CORTANTE

ENVOLVENTE GLOBAL

Armadura mínima de c or tante

Aleta 2
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Zapata : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Zapata. Verifica la comprobación. 
 
 
Muro frontal : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Muro frontal. Verifica la comprobación. 
 
 
Aleta 1 : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 1. Verifica la comprobación. 
 
 
Aleta 2 : 
 
Estado límite de Resistencia. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
 
Estado límite de Evento Extremo. Envolvente global. Envolvente global. Aleta 2. Verifica la comprobación. 
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4.3. ANCLAJES TOPES SÍSMICOS 

 

Datos del proyecto 

Nombre del proyecto  

Número del Proyecto  

Autor  

Descripción  

Fecha 30/06/2021 

Normativa de cálculo AISC 360-16 

 

Material 

Acero A709 Gr.50 

Hormigón 4000 psi 

 

Ítem del proyecto CON1 

Diseño 

Nombre CON1 

Descripción  

Análisis Tensión, deformación/ Carga simplificada 

Normativa de cálculo AISC - LRFD 
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Elementos estructurales 

Nomb

re 

Sección 

transversal 

β – 

Direcci

ón 

[°] 

γ - 

Inclinaci

ón 

[°] 

α - 

Rotaci

ón 

[°] 

Desplazamie

nto ex 

[mm] 

Desplazamie

nto ey 

[mm] 

Desplazamie

nto ez 

[mm] 

Fuerz

as en 

COL 
2 - 

BoxFl350x(200/

200) 
0,0 -90,0 0,0 0 0 0 Nodo 

 
 

Secciones 

Nombre Material 

2 - BoxFl350x(200/200) A709 Gr.50 

3 - Iw150x200 A709 Gr.50 

 

Secciones 

Nombre Material Dibujo 
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2 - 

BoxFl350x(200/200) 
A709 Gr.50 

 

3 - Iw150x200 A709 Gr.50 

 

 

Anclajes 

Nombre Conjunto de tornillo 
Diámetro 

[mm] 

fu 

[MPa] 

Área bruta 

[mm2] 

1 A490 1 A490 25 1034,2 507 

 

Cargas (No se requiere el equilibro) 

Nombre Elemento 
N 

[kN] 

Vy 

[kN] 

Vz 

[kN] 

Mx 

[kNm] 

My 

[kNm] 

Mz 

[kNm] 

LE1 COL 0,0 0,0 520,0 0,0 -286,0 0,0 

 

Bloque de la cimentación 

Ítem Valor Unidad 

CB 1 

Dimensiones 1400 x 1600 mm 

Profundidad 1500 mm 

Anclaje 1 A490  

Longitud del anclaje 1000 mm 

Transferencia de la fuerza cortante Viga a cortante  
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Sección para la viga a cortante Iw150x200  

Longitud de la viga a cortante 150 mm 

 

Verificación 

Resumen 

Nombre Valor Estado de la verificación 

Análisis 100,0% OK 

Placas 2,4 < 5,0% OK 

Anclajes 99,2 < 100% OK 

Soldaduras 85,5 < 100% OK 

Bloque de hormigón 31,8 < 100% OK 

Cortante 28,8 < 100% OK 

Pandeo No calculado  

 

Placas 

Nombre 
Fy 

[MPa] 

Espesor 

[in] 
Cargas 

σEd 

[MPa] 

εPl 

[%] 

σcEd 

[MPa] 
Estado de la verificación 

COL-tfl 1 344,7 3/4" LE1 124,2 0,0 0,0 OK 

COL-bfl 1 344,7 3/4" LE1 150,0 0,0 0,0 OK 

COL-w 1 344,7 3/4" LE1 190,1 0,0 0,0 OK 

COL-w 2 344,7 3/4" LE1 190,0 0,0 0,0 OK 

Elemento 2-tfl 1 344,7 1/2" LE1 315,1 2,4 0,0 OK 

Elemento 2-bfl 1 344,7 1/2" LE1 315,0 2,3 0,0 OK 

Elemento 2-w 1 344,7 1/2" LE1 312,9 1,3 0,0 OK 

BP1 344,7 1" LE1 311,1 0,4 0,0 OK 

RIB1a 344,7 5/8" LE1 310,9 0,3 0,0 OK 

RIB1b 344,7 5/8" LE1 310,9 0,3 0,0 OK 

RIB2a 344,7 5/8" LE1 260,5 0,2 0,0 OK 

RIB2b 344,7 5/8" LE1 260,5 0,2 0,0 OK 

 

Datos de diseño 

Material 
fy 

[MPa] 

εlim 

[%] 

A709 Gr.50 344,7 5,0 

Explicación del símbolo 

εPl Deformación plástica 

σcEd Tensiones de Contacto 

σEd Ec. tensión 

fy Límite elástico 
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εlim Límite de la deformación plástica 

 
Verificación general, LE1   
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Verificación de deformación, LE1  
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Tensión equivalente, LE1  

 

 

Anclajes 

Forma Ítem Cargas 
Nf 

[kN] 

V 

[kN] 

ϕVcp 

[kN] 

Utt 

[%] 

Uts 

[%] 

Utts 

[%] 
Detallado Estado 

 

A1 LE1 0,0 1,5 891,4 0,0 1,2 0,1 Aceptar OK 

A2 LE1 0,0 1,5 891,4 0,0 1,2 0,1 Aceptar OK 

A3 LE1 218,1 1,5 891,4 92,7 1,2 88,1 Aceptar OK 

A4 LE1 218,1 1,5 891,4 92,7 1,2 88,1 Aceptar OK 

A5 LE1 0,0 1,5 891,4 0,0 1,2 0,1 Aceptar OK 

A6 LE1 233,5 1,5 891,4 99,2 1,2 98,8 Aceptar OK 
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Datos de diseño 

Calidad 
ϕNsa 

[kN] 

ϕVsa 

[kN] 

1 A490 - 1 235,4 131,1 

Explicación del símbolo 

Nf Fuerza de tracción 

V Resultante de las fuerzas cortantes Vy, Vz en el tornillo. 

ϕVcp 
Resistencia al desprendimiento del hormigón por cabeceo del anclaje a cortante de acuerdo con – ACI 318-

14 – 17.5.3 

Utt Utilización a tracción 

Uts Utilización a cortante 

Utts Utilización a tensión y cortante 

ϕNsa Resistencia del anclaje en tracción - ACI 318-14 – 17.4.1 

ϕVsa Resistencia del anclaje a cortante - ACI 318-14 – 17.5.1 

Resultado detallado para A6 

Resistencia a tracción del anclaje (ACI 318-14 – 17.4.1) 

 
235,4  kN ≥  233,5  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 

– resistencia última espeficifica para el acero del tornillo 

 
, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia a cortante (ACI 318-14 – 17.5.1) 

 
131,1  kN ≥  1,5  kN 

Donde: 

 – factor de resistencia 

 – Área a tracción 

 – resistencia última espeficifica para el acero del tornillo 
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, donde: 

 
896,3 MPa – límite elástico esfecificado del acero del anclaje 

 
1034,2 MPa – resistencia última espeficifica para el acero del anclaje 

 

Resistencia al arrancamiento en cuña del hormigón (pryout) (ACI 318-14 – 17.5.3) 

La verificación se realiza para un grupo de anclajes sobre la placa base común 

 
891,4  kN ≥  9,3  kN 

Donde: 

 – factor de resistencia 

 – factor de arrancamiento por cortante en cuña del hormigón (pry-out) 

 
– resistencia a arrancamiento del cono de hormigón en caso de todos los anclajes en 

tracción 

 – suma de los cortantes de los anclajes sobre una misma placa base 

 

Interacción tracción-cortante (ACI 318-14 – R17.6) 

 
0,99  ≤ 1,0  

Donde: 

 
– máxima ratio entre fuerza de tracción factorizada y resistencia a tracción determinada a 

partir de todos los modos de fallo relevantes 

 
– máxima ratio entre esfuerzo cortante factorizado y resistencia a cortante determinada a 

partir de todos los modos de fallo relevantes 

 

Armado suplementario (ACI 318-14 – 17.4.2.9; ACI 318-14 – 17.5.2.9) 

El refuerzo suplementario debe resistit la fuerza de: 669,7 kN en tracción y 9,3 kN a cortante 

Soldaduras 

Ítem Borde Xu 
Th 

[in] 

Ls 

[in] 

L 

[in] 

Lc 

[in] 
Cargas 

Fn 

[kN] 

ϕRn 

[kN] 

Ut 

[%] 
Detallado Estado 

BP1 COL-tfl 1 E70xx ◢3/8" ◢1/2" 200 40 LE1 88,6 118,0 75,1 Aceptar OK 

BP1 COL-bfl 1 E70xx ◢3/8" ◢1/2" 200 40 LE1 86,3 113,2 76,2 Aceptar OK 

BP1 COL-w 1 E70xx ◢3/8"◣ ◢1/2"◣ 312 39 LE1 88,5 116,6 75,9 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 312 39 LE1 85,2 113,4 75,2 Aceptar OK 

BP1 COL-w 2 E70xx ◢3/8"◣ ◢1/2"◣ 312 39 LE1 85,2 113,3 75,2 Aceptar OK 

  E70xx ◢3/8"◣ ◢1/2"◣ 312 39 LE1 88,5 116,6 75,9 Aceptar OK 

BP1 
Elemento 

2-tfl 1 
E70xx ◢1/4"◣ ◢3/8"◣ 200 25 LE1 42,4 51,4 82,6 Aceptar OK 
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  E70xx ◢1/4"◣ ◢3/8"◣ 200 25 LE1 38,8 51,3 75,6 Aceptar OK 

BP1 
Elemento 

2-bfl 1 
E70xx ◢1/4"◣ ◢3/8"◣ 200 25 LE1 38,8 51,6 75,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 200 25 LE1 41,1 51,4 80,0 Aceptar OK 

BP1 
Elemento 

2-w 1 
E70xx ◢1/4"◣ ◢5/16"◣ 124 25 LE1 25,1 32,8 76,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢5/16"◣ 124 25 LE1 25,1 32,8 76,6 Aceptar OK 

BP1 RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 94 12 LE1 20,1 25,5 78,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 94 12 LE1 22,6 26,5 85,5 Aceptar OK 

COL-

bfl 1 
RIB1a E70xx ◢1/4"◣ ◢3/8"◣ 169 12 LE1 15,1 22,4 67,3 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 169 12 LE1 15,4 26,0 59,2 Aceptar OK 

BP1 RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 94 12 LE1 22,6 26,5 85,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 94 12 LE1 20,1 25,5 78,6 Aceptar OK 

COL-

bfl 1 
RIB1b E70xx ◢1/4"◣ ◢3/8"◣ 169 12 LE1 15,4 26,0 59,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 169 12 LE1 15,1 22,4 67,3 Aceptar OK 

BP1 RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 94 12 LE1 18,9 23,5 80,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 94 12 LE1 18,7 23,3 80,2 Aceptar OK 

COL-

tfl 1 
RIB2a E70xx ◢1/4"◣ ◢3/8"◣ 169 12 LE1 13,8 19,5 70,6 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 169 12 LE1 14,0 20,4 68,5 Aceptar OK 

BP1 RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 94 12 LE1 18,7 23,3 80,2 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 94 12 LE1 18,9 23,5 80,6 Aceptar OK 

COL-

tfl 1 
RIB2b E70xx ◢1/4"◣ ◢3/8"◣ 169 12 LE1 14,0 20,4 68,5 Aceptar OK 

  E70xx ◢1/4"◣ ◢3/8"◣ 169 12 LE1 13,8 19,5 70,6 Aceptar OK 

Explicación del símbolo 

Th Espesor de garganta de soldadura 

Ls Tamaño de la soldadura 

L Longitud de la soldadura 

Lc Longitud del elemento crítico de la soldadura 

Fn Fuerza en el elemento crítico de la soldadura 

ϕRn Resistencia de la soldadura, AISC 360-10 J2.4 

Ut Utilización 

Resultado detallado para BP1 / RIB1a 

Comprobación de la resistencia de la soldadura (AISC 360-16: J2-4) 

 
26,5  kN ≥  22,6  kN 
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Donde: 

 – resistencia nominal del material de aportación: 

 
, donde: 

 
482,6 MPa – número de clasificación del electrodo, p.e. mínima resistencia a tracción especificada 

 
72,1° – ángulo de actuación de la carga medido desde el eje de la soldadura 

 – área eficaz del elemento de soldadura crítico 

 – factor de resistencia para conexiones soldadas 

 

Bloque de hormigón 

Ítem Cargas 
A1 

[mm2] 

A2 

[mm2] 

σ 

[MPa] 

Ut 

[%] 
Estado 

CB 1 LE1 70736 1461249 9,7 31,8 OK 

Explicación del símbolo 

A1 Área cargada 

A2 Área de soporte 

σ Tensión media en el hormigón 

Ut Utilización 

Resultado detallado para CB 1 

Comprobación de la resistencia a compresión del bloque de hormigón (AISC 360-16 Section 

J8) 

 
30,5  MPa ≥  9,7  MPa 

Donde: 

 – resistencia de cálculo a aplastamiento del bloque de hormigón: 

 
, donde: 

 
27,6 MPa – resistencia a compresión del hormigón 

 
70736 mm2 – Área de la placa base en contacto con la superficie de hormigón 

 
1461249 mm2 – Superfície de apoyo del hormigón 

 – factor de resistencia para el hormigón 
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Cortante en el plano de contacto 

Ítem Cargas 
V 

[kN] 

Pbr 

[kN] 

Vcb 

[kN] 

Ut 

[%] 
Estado 

BP1 LE1 510,7 3126,1 1771,2 28,8 OK 

Explicación del símbolo 

V Esfuerzo cortante 

Pbr Resistencia del bloque de hormigón 

Vcb Resistencia de rotura del cono de hormigón 

Ut Utilización 

Resultado detallado para BP1 

Verificación de la resistencia a aplastamiento (ACI 349-01–B.4.5, ACI 349-01 RB11) 

 
3126,1  kN ≥  510,7  kN 

Donde: 

 – factor de resistencia para el aplastamiento de los tornillos 

 – resistencia a compresión del hormigón 

 

– Área proyectada de la llave de cortante embebida en la dirección de la fuerza 

excluyendo la porción de la llave en contacto con el mortero sobre el elemento de 

hormigón 

 – coeficiente de confinamiento 

 – fuerza de plastificación de los anclajes traccionados 

 
, donde: 

 
6,0 – número de anclajes en tracción 

 
391 mm2 – área a tracción de un anclaje 

 
896,3 MPa – resistencia de plastificación en el anclaje 

 – carga axial externa 

 

Resistencia a arrancamiento del hormigón (ACI 349 – B11) 

 
1771,2  kN ≥  510,7  kN 

Donde: 

 – factor de resistencia de material de acero embebido para la armadura 

 – factor modificador para llave de cortante cargada bajo un ángulo con el borde del 
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hormgión 

 
, donde: 

 
0,0 ° – ángulo entre la dirección del cortante y la dirección perpendicular al borde del hormigón 

 

– área eficaz definida proyectando un plano a 45o desde los extremos de la llave de 

cortate hasta la superficie libre en la dirección del cortante. El área resistente de la 

llave de cortante se excluye del área proyectada 

 – resistencia a compresión del hormigón 
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Listado de material 

Operaciones 

Nombre 
Placas  

[mm] 
Forma Nº 

Soldaduras  

[in] 
Longitud  

[mm] 
Tornillos Nº 

BP1 
P1"x400,0-600,0 (A709 

Gr.50) 

 

1 

tendón de soldadura 

simple: a = 3/8" 

tendón de soldadura 

simple: a = 3/8" 

Doble tendón de 

soldadura: a = 3/8" 

Doble tendón de 

soldadura: a = 1/4" 

Doble tendón de 

soldadura: a = 1/4" 

200,0 

200,0 

623,8 

400,0 

124,6 

1 A490 6 

RIB1 
P5/8"x125,0-200,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
530,0   

RIB2 
P5/8"x125,0-200,0 

(A709 Gr.50) 

 

2 
Doble tendón de 

soldadura: a = 1/4" 
530,0   

Soldaduras 

Tipo Material 
Espesor de garganta  

[in] 
Tamaño de pierna  

[in] 
Longitud  

[mm] 

tendón de soldadura simple E70xx 3/8" 1/2" 200,0 

tendón de soldadura simple E70xx 3/8" 1/2" 200,0 

Doble tendón de soldadura E70xx 3/8" 1/2" 623,8 

Doble tendón de soldadura E70xx 1/4" 3/8" 400,0 

Doble tendón de soldadura E70xx 1/4" 5/16" 124,6 

Doble tendón de soldadura E70xx 1/4" 3/8" 530,0 

Doble tendón de soldadura E70xx 1/4" 3/8" 530,0 

Anclajes 

Nombre 
Longitud 

[mm] 

Longitud del taladro 

[mm] 
Cuenta 

1 A490 1025 1000 6 

Dibujo 

BP1 
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P1"x600-400 (A709 Gr.50) 
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RIB1 

P5/8"x200-125 (A709 Gr.50) 

 

RIB2 

P5/8"x200-125 (A709 Gr.50) 
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Configuración de la norma 

Ítem Valor Unidad Referencia 

Coeficiente de fricción - hormigón 0,40 - ACI 349 – B.6.1.4 

Coeficiente de fricción en la resistencia a 

deslizamiento 
0,30 - AISC 360-16 J3.8 

Deformación plástica límite 0,05 -  

Evaluación de la tensión de la soldadura 
Redistribución 

plástica 
  

Detallado Sí   

Distancia entre tornillos [d] 2,66 - AISC 360-16 – J3.3 

Distancia entre tornillos y el borde [d] 1,25 - AISC 360-16 – J.3.4 

Resistencia al arrancamiento del cono de 

hormigón 
Ninguno   

Resistencia del metal base en la cara de 

fusión de la soldadura 
No   AISC 360-16: J2-2 

Hormigón fisurado Sí  ACI 318-14 – Chapter 17 

Comprobación de la deformación local No    

Deformación límite local 0,03 - CIDECT DG 1, 3 - 1.1 

No linealidad geométrica (GMNA) Sí  
Grandes deformaciones para 

secciones huecas 
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APÉNDICE: 

5. DISEÑO DE COLUMNAS DE ACERO 
A continuación, se incluyen los listados de comprobación de las columnas de acero, para los modelos 

de cálculo del tramo 1 y tramo 2 de la calzada peatonal. 

5.1. CALZADA PEATONAL TRAMO 1 
 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

       +============================================================+ 

       |  MIDAS(Modeling, Integrated Design & Analysis Software)    | 

       |  MIDAS/Civil - Design & checking system for windows        | 

       +============================================================+ 

       |  Steel Member Applicable Code Checking                     | 

       |  Based On  AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFD02,    | 

       |            AASHTO-LFD96, AASHTO-ASD96, AISC-LRFD2K,        | 

       |            AISC-LRFD93, AISC-ASD89, Eurocode3-2:05,        | 

       |            BS5950-90, IS:800-2007, IS:800-1984,            | 

       |            IRC:24-2010, CSA-S6-14                          | 

       |                                                            | 

       |                                                            | 

       |                                                            | 

       |                                                            | 

       |                                                            | 

       |                                                            | 

       |                                             (c)SINCE 1989  | 

       +============================================================+ 

       |  MIDAS Information Technology Co.,Ltd.         (MIDAS IT)  | 

       |  MIDAS IT Design Development Team                          | 

       +============================================================+ 

       |            HomePage : www.MidasUser.com                    | 

       +============================================================+ 

       |  MIDAS/Civil  Version 8.8.5                                | 

       +============================================================+ 

 

 

    *. DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 

-------------------------------------------------------------------------------------- 

     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 

-------------------------------------------------------------------------------------- 

     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

                +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

                +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

                +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

                +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

                +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

                +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

                +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

                +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

                +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

                +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

                +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

                +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

                +    PL10i-int_( 4.300) 

     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

                +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

                +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 
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                +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

                +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

                +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

                +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

                +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

                +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

                +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
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                +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

                +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

                +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

                +    PL10i-int_( 4.300) 

     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

                +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

                +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

                +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

                +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

                +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

                +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

                +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

                +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

                +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

                +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

                +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

                +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

                +    PL10i-int_( 7.190) 

     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

                +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

                +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

                +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

                +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

                +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

                +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

                +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

                +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

                +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

                +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

                +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

                +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

                +    PL10i-int_( 7.190) 

    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

                +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

                +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

                +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

                +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

                +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

                +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

                +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

                +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

                +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

                +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

                +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

                +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

                +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

                +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
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                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

                +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

                +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

                +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

                +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

                +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

                +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

                +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

                +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

                +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

                +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

                +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

                +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

                +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

                +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

                +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

                +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_1.0X/0.3Y_ENV( 1.000) 

    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_1.0X/0.3Y_ENV( 1.000) 

    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_0.3X/1.0Y_ENV( 1.000) 

    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_0.3X/1.0Y_ENV( 1.000) 

    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

                +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
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                +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

                +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

                +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

                +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

                +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

                +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

                +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

                +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

                +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

                +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

                +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

                +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

                +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

                +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

                +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

                +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

                +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

                +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

                +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

                +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

                +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

                +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

                +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

                +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

                +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

-------------------------------------------------------------------------------------- 
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      *. PROJECT     :  

      *. MEMBER NO   = 101101,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =    12 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-1.0_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.825,  Flg Width   =      0.825,  Web Center  =      0.787 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.19924e-001,  Asy  = 6.28650e-002,  Asz  = 6.28650e-002 

         Ybar = 4.12500e-001,  Zbar = 4.12500e-001,  Qyb  = 2.32386e-001,  Qzb  = 2.32386e-001 

         Syy  = 3.00736e-002,  Szz  = 3.00736e-002,  Zyy  = 3.54156e-002,  Zzz  = 3.54156e-002 

         Iyy  = 1.24054e-002,  Izz  = 1.24054e-002,  Iyz  = 0.00000e+000 

         ry   = 3.21627e-001,  rz   = 3.21627e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.00000e-001,  Lz   = 8.00000e-001,  Lb   = 8.00000e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151+ 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -366.54      2517.31      3340.74       634.54       893.63 

           ------------------------------------------------------------------------------- 

            TOTAL            -366.54      2517.31      3340.74       634.54       893.63 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      366.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.75 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0363 

              Pey    =  (Area*Fy)/Lambda^2       = 28338035.22 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        2.75 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0363 

              Pez    =  (Area*Fy)/Lambda^2       = 28338035.22 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -366.54            3340.74             893.63 

           ---------------------------------------------------------------- 

            TOTAL            -366.54            3340.74             893.63 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     3340.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      893.63 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     2.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  2.8338e+007 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.800 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.8200e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  2.8338e+007 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         757.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37381.19 kN. 

           -. phiPn =  phi*Pn  =      33643.07 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                366.54 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            33643.07 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8445.55 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8445.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3340.74 

           -. --------  =  ---------------  =  0.396  <  1.000  --->  O.K. 

               phiMny             8445.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8445.55 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8445.55 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8445.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                893.63 

           -. --------  =  ---------------  =  0.106  <  1.000  --->  O.K. 

               phiMnz             8445.55 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.396  +  0.106 ] 

                      =  0.507  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        558.67 kN. 

                 Vuy               558.67 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =       1037.44 kN. 

                 Vuz              1037.44 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 101110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78190e+000,  Lz   = 1.78190e+000,  Lb   = 1.78190e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1375.54      -576.52       -62.01      -400.56       -42.79 

           ------------------------------------------------------------------------------- 

            TOTAL           -1375.54      -576.52       -62.01      -400.56       -42.79 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1375.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979116.57 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611032.56 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1375.54            -576.52            -400.56 

           ---------------------------------------------------------------- 

            TOTAL           -1375.54            -576.52            -400.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -576.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -400.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979116.5746 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8503e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979116.5746 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.44 kN. 

           -. phiPn =  phi*Pn  =      20294.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1375.54 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20294.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                576.52 

           -. --------  =  ---------------  =  0.213  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                400.56 

           -. --------  =  ---------------  =  0.122  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.213  +  0.122 ] 

                      =  0.368  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        337.62 kN. 

                 Vuy               337.62 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        302.38 kN. 

                 Vuz               302.38 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04515e+000,  Lz   = 1.04515e+000,  Lb   = 1.04515e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1402.53      -727.75      -576.44      -700.12      -417.60 

           ------------------------------------------------------------------------------- 

            TOTAL           -1402.53      -727.75      -576.44      -700.12      -417.60 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1402.53 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2846067.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4682902.89 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1402.53            -576.44            -417.60 

           ---------------------------------------------------------------- 

            TOTAL           -1402.53            -576.44            -417.60 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -576.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -417.60 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2846067.7662 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8633e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2846067.7662 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.88 kN. 

           -. phiPn =  phi*Pn  =      20424.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1402.53 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20424.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                576.44 

           -. --------  =  ---------------  =  0.212  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                417.60 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.212  +  0.127 ] 

                      =  0.374  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        331.66 kN. 

                 Vuy               331.66 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuz =        179.00 kN. 

                 Vuz               179.00 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.23321e+000,  Lz   = 2.23321e+000,  Lb   = 2.23321e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2071.84      -780.25      -374.98      -378.06       -48.50 

           ------------------------------------------------------------------------------- 

            TOTAL           -2071.84      -780.25      -374.98      -378.06       -48.50 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2071.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.38 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1901 

              Pey    =  (Area*Fy)/Lambda^2       =   648138.25 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.81 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1429 

              Pez    =  (Area*Fy)/Lambda^2       =  1146986.86 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2071.84            -780.25            -378.06 

           ---------------------------------------------------------------- 

            TOTAL           -2071.84            -780.25            -378.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -780.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -378.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  648138.2508 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.233 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9272e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  648138.2508 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.67 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23074.98 kN. 

           -. phiPn =  phi*Pn  =      20767.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2071.84 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            20767.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.76 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                780.25 

           -. --------  =  ---------------  =  0.277  <  1.000  --->  O.K. 

               phiMny             2819.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.14 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.14 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                378.06 

           -. --------  =  ---------------  =  0.108  <  1.000  --->  O.K. 

               phiMnz             3511.14 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.277  +  0.108 ] 

                      =  0.434  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        223.82 kN. 

                 Vuy               223.82 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        514.05 kN. 

                 Vuz               514.05 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.53222e-001,  Lz   = 9.53222e-001,  Lb   = 9.53222e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2109.47     -1090.90      -778.60      -536.40      -385.61 

           ------------------------------------------------------------------------------- 

            TOTAL           -2109.47     -1090.90      -778.60      -536.40      -385.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2109.47 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.17 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0816 

              Pey    =  (Area*Fy)/Lambda^2       =  3421462.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.81 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0636 

              Pez    =  (Area*Fy)/Lambda^2       =  5629653.96 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2109.47            -778.60            -385.61 

           ---------------------------------------------------------------- 

            TOTAL           -2109.47            -778.60            -385.61 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -778.60 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -385.61 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3421462.5060 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.953 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.4421e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3421462.5060 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         150.26 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22706.66 kN. 

           -. phiPn =  phi*Pn  =      20436.00 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2109.47 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            20436.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.90 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                778.60 

           -. --------  =  ---------------  =  0.287  <  1.000  --->  O.K. 

               phiMny             2713.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.40 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.40 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.40 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                385.61 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMnz             3288.40 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.287  +  0.117 ] 

                      =  0.456  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        221.62 kN. 

                 Vuy               221.62 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        388.30 kN. 

                 Vuz               388.30 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.16829e+000,  Lz   = 2.16829e+000,  Lb   = 2.16829e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1775.27      -815.38      -589.83      -111.47      -506.36 

           ------------------------------------------------------------------------------- 

            TOTAL           -1775.27      -815.38      -589.83      -111.47      -506.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1775.27 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.37 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1899 

              Pey    =  (Area*Fy)/Lambda^2       =   563493.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.05 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1725 

              Pez    =  (Area*Fy)/Lambda^2       =   683407.53 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1775.27            -589.83            -506.36 

           ---------------------------------------------------------------- 

            TOTAL           -1775.27            -589.83            -506.36 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -589.83 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -506.36 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  563493.0016 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.168 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 8.3313e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  563493.0016 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.72 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20022.38 kN. 

           -. phiPn =  phi*Pn  =      18020.14 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1775.27 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            18020.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.28 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.28 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                589.83 

           -. --------  =  ---------------  =  0.255  <  1.000  --->  O.K. 

               phiMny             2310.28 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2489.84 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2489.84 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2489.84 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                506.36 

           -. --------  =  ---------------  =  0.203  <  1.000  --->  O.K. 

               phiMnz             2489.84 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.255  +  0.203 ] 

                      =  0.508  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        274.85 kN. 

                 Vuy               274.85 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        637.47 kN. 

                 Vuz               637.47 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.57071e-001,  Lz   = 8.57071e-001,  Lb   = 8.57071e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       788.49             681.99             467.53 

           ---------------------------------------------------------------- 

            TOTAL             788.49             681.99             467.53 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      681.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      467.53 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22255.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                788.49 

           -. -------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiPn            22255.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.98 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                681.99 

           -. --------  =  ---------------  =  0.242  <  1.000  --->  O.K. 

               phiMny             2821.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                467.53 

           -. --------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiMnz             3515.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.018 + [  0.242  +  0.133 ] 

                      =  0.392  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        272.02 kN. 

                 Vuy               272.02 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        516.01 kN. 

                 Vuz               516.01 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101201,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    12 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-1.0_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.825,  Flg Width   =      0.825,  Web Center  =      0.787 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.19924e-001,  Asy  = 6.28650e-002,  Asz  = 6.28650e-002 

         Ybar = 4.12500e-001,  Zbar = 4.12500e-001,  Qyb  = 2.32386e-001,  Qzb  = 2.32386e-001 

         Syy  = 3.00736e-002,  Szz  = 3.00736e-002,  Zyy  = 3.54156e-002,  Zzz  = 3.54156e-002 

         Iyy  = 1.24054e-002,  Izz  = 1.24054e-002,  Iyz  = 0.00000e+000 

         ry   = 3.21627e-001,  rz   = 3.21627e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.00000e-001,  Lz   = 8.00000e-001,  Lb   = 8.00000e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1452.78     -2373.37     -3139.98      -744.97      -924.18 

           ------------------------------------------------------------------------------- 

            TOTAL           -1452.78     -2373.37     -3139.98      -744.97      -924.18 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1452.78 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.75 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0363 

              Pey    =  (Area*Fy)/Lambda^2       = 28338035.22 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        2.75 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0363 

              Pez    =  (Area*Fy)/Lambda^2       = 28338035.22 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1452.78           -3139.98            -924.18 

           ---------------------------------------------------------------- 

            TOTAL           -1452.78           -3139.98            -924.18 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3139.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -924.18 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     2.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  2.8338e+007 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.800 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.8200e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  2.8338e+007 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         757.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37381.19 kN. 

           -. phiPn =  phi*Pn  =      33643.07 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1452.78 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            33643.07 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8445.55 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8445.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3139.98 

           -. --------  =  ---------------  =  0.372  <  1.000  --->  O.K. 

               phiMny             8445.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8445.55 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8445.55 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8445.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                924.18 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiMnz             8445.55 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.372  +  0.109 ] 

                      =  0.503  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        536.32 kN. 

                 Vuy               536.32 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        958.27 kN. 

                 Vuz               958.27 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 101220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78190e+000,  Lz   = 1.78190e+000,  Lb   = 1.78190e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1216.90      -530.02       -78.41      -411.94      -156.76 

           ------------------------------------------------------------------------------- 

            TOTAL           -1216.90      -530.02       -78.41      -411.94      -156.76 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1216.90 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979116.57 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611032.56 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1216.90            -530.02            -411.94 

           ---------------------------------------------------------------- 

            TOTAL           -1216.90            -530.02            -411.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -530.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -411.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979116.5746 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8503e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979116.5746 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.44 kN. 

           -. phiPn =  phi*Pn  =      20294.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1216.90 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            20294.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                530.02 

           -. --------  =  ---------------  =  0.195  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                411.94 

           -. --------  =  ---------------  =  0.125  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.195  +  0.125 ] 

                      =  0.351  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        315.38 kN. 

                 Vuy               315.38 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        300.19 kN. 

                 Vuz               300.19 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04515e+000,  Lz   = 1.04515e+000,  Lb   = 1.04515e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1243.24      -684.33      -530.12      -709.13      -430.31 

           ------------------------------------------------------------------------------- 

            TOTAL           -1243.24      -684.33      -530.12      -709.13      -430.31 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1243.24 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2846067.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4682902.89 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1243.24            -530.12            -430.31 

           ---------------------------------------------------------------- 

            TOTAL           -1243.24            -530.12            -430.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -530.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -430.31 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 65 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2846067.7662 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8633e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2846067.7662 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.88 kN. 

           -. phiPn =  phi*Pn  =      20424.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1243.24 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            20424.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                530.12 

           -. --------  =  ---------------  =  0.195  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                430.31 

           -. --------  =  ---------------  =  0.131  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.195  +  0.131 ] 

                      =  0.357  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        310.02 kN. 

                 Vuy               310.02 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuz =        162.94 kN. 

                 Vuz               162.94 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.28331e+000,  Lz   = 2.28331e+000,  Lb   = 2.28331e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1402.34             709.96             283.60 

           ---------------------------------------------------------------- 

            TOTAL            1402.34             709.96             283.60 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      709.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      283.60 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    14.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22255.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1402.34 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn            22255.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.68 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                709.96 

           -. --------  =  ---------------  =  0.252  <  1.000  --->  O.K. 

               phiMny             2819.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3510.97 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3510.97 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3510.97 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                283.60 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMnz             3510.97 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.252  +  0.081 ] 

                      =  0.364  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        217.90 kN. 

                 Vuy               217.90 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        474.83 kN. 

                 Vuz               474.83 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 72 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 101231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.70495e-001,  Lz   = 9.70495e-001,  Lb   = 9.70495e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1438.92             709.68             281.71 

           ---------------------------------------------------------------- 

            TOTAL            1438.92             709.68             281.71 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      709.68 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      281.71 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      21631.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1438.92 

           -. -------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiPn            21631.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.87 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.87 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                709.68 

           -. --------  =  ---------------  =  0.262  <  1.000  --->  O.K. 

               phiMny             2713.87 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.35 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.35 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                281.71 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiMnz             3288.35 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.262  +  0.086 ] 

                      =  0.380  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        220.33 kN. 

                 Vuy               220.33 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        351.46 kN. 

                 Vuz               351.46 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.21892e+000,  Lz   = 2.21892e+000,  Lb   = 2.21892e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       810.12             380.99             593.81 

           ---------------------------------------------------------------- 

            TOTAL             810.12             380.99             593.81 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      380.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      593.81 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    14.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      19310.63 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                810.12 

           -. -------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiPn            19310.63 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.19 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                380.99 

           -. --------  =  ---------------  =  0.165  <  1.000  --->  O.K. 

               phiMny             2310.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2489.73 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2489.73 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2489.73 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                593.81 

           -. --------  =  ---------------  =  0.239  <  1.000  --->  O.K. 

               phiMnz             2489.73 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.165  +  0.239 ] 

                      =  0.424  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        280.31 kN. 

                 Vuy               280.31 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        576.79 kN. 

                 Vuz               576.79 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.72530e-001,  Lz   = 8.72530e-001,  Lb   = 8.72530e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1552.52     -1078.21      -736.26      -561.71      -406.19 

           ------------------------------------------------------------------------------- 

            TOTAL           -1552.52     -1078.21      -736.26      -561.71      -406.19 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1552.52 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.62 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0743 

              Pey    =  (Area*Fy)/Lambda^2       =  4245845.34 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.22 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0558 

              Pez    =  (Area*Fy)/Lambda^2       =  7513719.16 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1552.52            -736.26            -406.19 

           ---------------------------------------------------------------- 

            TOTAL           -1552.52            -736.26            -406.19 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -736.26 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -406.19 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4245845.3392 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.873 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8828e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4245845.3392 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         181.24 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23372.69 kN. 

           -. phiPn =  phi*Pn  =      21035.42 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1552.52 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            21035.42 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.96 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.96 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                736.26 

           -. --------  =  ---------------  =  0.261  <  1.000  --->  O.K. 

               phiMny             2821.96 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.68 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.68 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                406.19 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMnz             3515.68 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.261  +  0.116 ] 

                      =  0.413  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        287.31 kN. 

                 Vuy               287.31 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        494.15 kN. 

                 Vuz               494.15 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102101,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152+,  MATERIAL NO  =     3,  SECTION NO =    13 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-1.5_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.863,  Flg Width   =      0.863,  Web Center  =      0.825 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.25715e-001,  Asy  = 6.57606e-002,  Asz  = 6.57606e-002 

         Ybar = 4.31500e-001,  Zbar = 4.31500e-001,  Qyb  = 2.55354e-001,  Qzb  = 2.55354e-001 

         Syy  = 3.31118e-002,  Szz  = 3.31118e-002,  Zyy  = 3.89159e-002,  Zzz  = 3.89159e-002 

         Iyy  = 1.42877e-002,  Izz  = 1.42877e-002,  Iyz  = 0.00000e+000 

         ry   = 3.37123e-001,  rz   = 3.37123e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50000e+000,  Lz   = 1.50000e+000,  Lb   = 1.50000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1337.90            2945.77            1471.68 

           ---------------------------------------------------------------- 

            TOTAL            1337.90            2945.77            1471.68 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2945.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     1471.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.2  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      35531.76 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1337.90 

           -. -------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiPn            35531.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8442.78 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8442.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2945.77 

           -. --------  =  ---------------  =  0.349  <  1.000  --->  O.K. 

               phiMny             8442.78 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8442.78 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8442.78 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8442.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1471.68 

           -. --------  =  ---------------  =  0.174  <  1.000  --->  O.K. 

               phiMnz             8442.78 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.349  +  0.174 ] 

                      =  0.542  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =       1665.77 kN. 

                 Vuy              1665.77 

           -. --------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        893.84 kN. 

                 Vuz               893.84 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 102110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78240e+000,  Lz   = 1.78240e+000,  Lb   = 1.78240e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -894.40      -653.40      -686.26      -391.85      -163.19 

           ------------------------------------------------------------------------------- 

            TOTAL            -894.40      -653.40      -686.26      -391.85      -163.19 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      894.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   833901.96 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1418 

              Pez    =  (Area*Fy)/Lambda^2       =  1011361.06 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -894.40            -686.26            -163.19 

           ---------------------------------------------------------------- 

            TOTAL            -894.40            -686.26            -163.19 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -686.26 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -163.19 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  833901.9582 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2329e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  833901.9582 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.65 kN. 

           -. phiPn =  phi*Pn  =      18108.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                894.40 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            18108.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                686.26 

           -. --------  =  ---------------  =  0.297  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                163.19 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.297  +  0.066 ] 

                      =  0.387  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        335.70 kN. 

                 Vuy               335.70 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        645.15 kN. 

                 Vuz               645.15 

           -. --------  =  ---------------  =  0.106  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04436e+000,  Lz   = 1.04436e+000,  Lb   = 1.04436e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 97 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -943.36     -1233.43      -653.43      -673.18      -403.66 

           ------------------------------------------------------------------------------- 

            TOTAL            -943.36     -1233.43      -653.43      -673.18      -403.66 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      943.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2850381.18 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4690000.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -943.36            -653.43            -403.66 

           ---------------------------------------------------------------- 

            TOTAL            -943.36            -653.43            -403.66 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -653.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -403.66 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2850381.1762 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.044 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8676e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2850381.1762 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.18 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.99 kN. 

           -. phiPn =  phi*Pn  =      20424.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                943.36 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20424.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                653.43 

           -. --------  =  ---------------  =  0.241  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                403.66 

           -. --------  =  ---------------  =  0.123  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.241  +  0.123 ] 

                      =  0.387  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        329.82 kN. 

                 Vuy               329.82 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        667.04 kN. 

                 Vuz               667.04 

           -. --------  =  ---------------  =  0.109  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102120,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78186e+000,  Lz   = 1.78186e+000,  Lb   = 1.78186e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4098.88      -974.50      -823.30      -405.36      -230.75 

           ------------------------------------------------------------------------------- 

            TOTAL           -4098.88      -974.50      -823.30      -405.36      -230.75 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4098.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979157.59 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611100.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4098.88            -974.50            -405.36 

           ---------------------------------------------------------------- 

            TOTAL           -4098.88            -974.50            -405.36 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -974.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -405.36 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979157.5892 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8507e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979157.5892 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.45 kN. 

           -. phiPn =  phi*Pn  =      20294.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4098.88 

           -. -------  =  ---------------  =          0.20  <  1.000  --->  O.K. 

               phiPn            20294.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                974.50 

           -. --------  =  ---------------  =  0.359  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                405.36 

           -. --------  =  ---------------  =  0.123  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.202 + (8/9)*[  0.359  +  0.123 ] 

                      =  0.631  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        345.21 kN. 

                 Vuy               345.21 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        270.00 kN. 

                 Vuz               270.00 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102121,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04496e+000,  Lz   = 1.04496e+000,  Lb   = 1.04496e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -4085.51      -649.57      -974.78      -768.13      -411.68 

           ------------------------------------------------------------------------------- 

            TOTAL           -4085.51      -649.57      -974.78      -768.13      -411.68 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     4085.51 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2847068.63 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4684549.71 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -4085.51            -974.78            -411.68 

           ---------------------------------------------------------------- 

            TOTAL           -4085.51            -974.78            -411.68 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -974.78 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -411.68 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2847068.6279 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8643e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2847068.6279 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.90 kN. 

           -. phiPn =  phi*Pn  =      20424.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               4085.51 

           -. -------  =  ---------------  =          0.20  <  1.000  --->  O.K. 

               phiPn            20424.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                974.78 

           -. --------  =  ---------------  =  0.359  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                411.68 

           -. --------  =  ---------------  =  0.125  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.200 + (8/9)*[  0.359  +  0.125 ] 

                      =  0.631  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        342.76 kN. 

                 Vuy               342.76 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        389.07 kN. 

                 Vuz               389.07 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.23357e+000,  Lz   = 2.23357e+000,  Lb   = 2.23357e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1708.29      -616.55      -358.34      -362.86      -352.84 

           ------------------------------------------------------------------------------- 

            TOTAL           -1708.29      -616.55      -358.34      -362.86      -352.84 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1708.29 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1901 

              Pey    =  (Area*Fy)/Lambda^2       =   647927.65 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.81 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1429 

              Pez    =  (Area*Fy)/Lambda^2       =  1146614.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1708.29            -616.55            -362.86 

           ---------------------------------------------------------------- 

            TOTAL           -1708.29            -616.55            -362.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -616.55 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -362.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  647927.6538 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.234 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9252e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  647927.6538 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23074.87 kN. 

           -. phiPn =  phi*Pn  =      20767.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1708.29 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20767.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.76 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                616.55 

           -. --------  =  ---------------  =  0.219  <  1.000  --->  O.K. 

               phiMny             2819.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.14 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.14 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                362.86 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiMnz             3511.14 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.219  +  0.103 ] 

                      =  0.363  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        306.16 kN. 

                 Vuy               306.16 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        261.73 kN. 

                 Vuz               261.73 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.53405e-001,  Lz   = 9.53405e-001,  Lb   = 9.53405e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1714.96      -627.86      -617.29      -643.08      -363.87 

           ------------------------------------------------------------------------------- 

            TOTAL           -1714.96      -627.86      -617.29      -643.08      -363.87 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1714.96 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0812 

              Pey    =  (Area*Fy)/Lambda^2       =  3556070.23 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.62 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0610 

              Pez    =  (Area*Fy)/Lambda^2       =  6293049.06 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1714.96            -617.29            -363.87 

           ---------------------------------------------------------------- 

            TOTAL           -1714.96            -617.29            -363.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -617.29 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -363.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3556070.2251 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.953 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2520e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3556070.2251 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         151.80 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23362.22 kN. 

           -. phiPn =  phi*Pn  =      21026.00 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1714.96 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21026.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.83 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                617.29 

           -. --------  =  ---------------  =  0.219  <  1.000  --->  O.K. 

               phiMny             2821.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.41 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.41 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.41 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                363.87 

           -. --------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiMnz             3515.41 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.219  +  0.104 ] 

                      =  0.363  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        302.03 kN. 

                 Vuy               302.03 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        220.00 kN. 

                 Vuz               220.00 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.16823e+000,  Lz   = 2.16823e+000,  Lb   = 2.16823e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1907.18      -650.90      -264.00      -476.28      -111.01 

           ------------------------------------------------------------------------------- 

            TOTAL           -1907.18      -650.90      -264.00      -476.28      -111.01 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1907.18 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.97 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1846 

              Pey    =  (Area*Fy)/Lambda^2       =   687564.80 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.50 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1388 

              Pez    =  (Area*Fy)/Lambda^2       =  1216758.60 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1907.18            -650.90            -476.28 

           ---------------------------------------------------------------- 

            TOTAL           -1907.18            -650.90            -476.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -650.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -476.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  687564.8010 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.168 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.2877e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  687564.8010 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          29.35 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23095.01 kN. 

           -. phiPn =  phi*Pn  =      20785.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1907.18 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20785.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                650.90 

           -. --------  =  ---------------  =  0.231  <  1.000  --->  O.K. 

               phiMny             2819.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.36 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                476.28 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiMnz             3511.36 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.231  +  0.136 ] 

                      =  0.412  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        253.02 kN. 

                 Vuy               253.02 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        372.24 kN. 

                 Vuz               372.24 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.57299e-001,  Lz   = 8.57299e-001,  Lb   = 8.57299e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1931.23      -753.99      -648.62      -685.12      -489.07 

           ------------------------------------------------------------------------------- 

            TOTAL           -1931.23      -753.99      -648.62      -685.12      -489.07 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1931.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.52 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0730 

              Pey    =  (Area*Fy)/Lambda^2       =  4398056.86 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.15 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0549 

              Pez    =  (Area*Fy)/Lambda^2       =  7783082.40 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1931.23            -648.62            -489.07 

           ---------------------------------------------------------------- 

            TOTAL           -1931.23            -648.62            -489.07 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 134 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -648.62 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -489.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4398056.8619 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.857 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.0220e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4398056.8619 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         187.74 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23374.55 kN. 

           -. phiPn =  phi*Pn  =      21037.10 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1931.23 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            21037.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.98 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                648.62 

           -. --------  =  ---------------  =  0.230  <  1.000  --->  O.K. 

               phiMny             2821.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.74 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.74 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                489.07 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiMnz             3515.74 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.230  +  0.139 ] 

                      =  0.415  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        242.53 kN. 

                 Vuy               242.53 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        252.41 kN. 

                 Vuz               252.41 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102201,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    13 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-1.5_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.863,  Flg Width   =      0.863,  Web Center  =      0.825 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.25715e-001,  Asy  = 6.57606e-002,  Asz  = 6.57606e-002 

         Ybar = 4.31500e-001,  Zbar = 4.31500e-001,  Qyb  = 2.55354e-001,  Qzb  = 2.55354e-001 

         Syy  = 3.31118e-002,  Szz  = 3.31118e-002,  Zyy  = 3.89159e-002,  Zzz  = 3.89159e-002 

         Iyy  = 1.42877e-002,  Izz  = 1.42877e-002,  Iyz  = 0.00000e+000 

         ry   = 3.37123e-001,  rz   = 3.37123e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.50000e+000,  Lz   = 1.50000e+000,  Lb   = 1.50000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2791.01     -1262.84     -2381.87      -735.02     -1025.82 

           ------------------------------------------------------------------------------- 

            TOTAL           -2791.01     -1262.84     -2381.87      -735.02     -1025.82 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2791.01 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       10.31 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1362 

              Pey    =  (Area*Fy)/Lambda^2       =  2015149.17 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.31 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1362 

              Pez    =  (Area*Fy)/Lambda^2       =  2015149.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2791.01           -2381.87           -1025.82 

           ---------------------------------------------------------------- 

            TOTAL           -2791.01           -2381.87           -1025.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2381.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1025.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2015149.1712 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.500 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.1770e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2015149.1712 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          53.88 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37112.42 kN. 

           -. phiPn =  phi*Pn  =      33401.18 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2791.01 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            33401.18 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8442.78 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8442.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2381.87 

           -. --------  =  ---------------  =  0.282  <  1.000  --->  O.K. 

               phiMny             8442.78 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8442.78 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8442.78 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8442.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1025.82 

           -. --------  =  ---------------  =  0.122  <  1.000  --->  O.K. 

               phiMnz             8442.78 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.282  +  0.122 ] 

                      =  0.445  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =       1560.86 kN. 

                 Vuy              1560.86 

           -. --------  =  ---------------  =  0.137  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        788.21 kN. 

                 Vuz               788.21 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 102210,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78186e+000,  Lz   = 1.78186e+000,  Lb   = 1.78186e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3816.34      -922.80      -817.94      -232.17       -92.97 

           ------------------------------------------------------------------------------- 

            TOTAL           -3816.34      -922.80      -817.94      -232.17       -92.97 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3816.34 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834405.18 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.01 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1011971.37 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3816.34            -817.94             -92.97 

           ---------------------------------------------------------------- 

            TOTAL           -3816.34            -817.94             -92.97 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -817.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -92.97 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834405.1839 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2337e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834405.1839 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.77 kN. 

           -. phiPn =  phi*Pn  =      18108.69 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3816.34 

           -. -------  =  ---------------  =          0.21  <  1.000  --->  O.K. 

               phiPn            18108.69 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                817.94 

           -. --------  =  ---------------  =  0.354  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 92.97 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.211 + (8/9)*[  0.354  +  0.037 ] 

                      =  0.559  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        287.71 kN. 

                 Vuy               287.71 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        235.56 kN. 

                 Vuz               235.56 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102211,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04436e+000,  Lz   = 1.04436e+000,  Lb   = 1.04436e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3809.36      -598.98      -922.80      -380.49      -235.65 

           ------------------------------------------------------------------------------- 

            TOTAL           -3809.36      -598.98      -922.80      -380.49      -235.65 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3809.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2850381.18 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4690000.15 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3809.36            -922.80            -235.65 

           ---------------------------------------------------------------- 

            TOTAL           -3809.36            -922.80            -235.65 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -922.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -235.65 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2850381.1762 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.044 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8676e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2850381.1762 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.18 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.99 kN. 

           -. phiPn =  phi*Pn  =      20424.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3809.36 

           -. -------  =  ---------------  =          0.19  <  1.000  --->  O.K. 

               phiPn            20424.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                922.80 

           -. --------  =  ---------------  =  0.340  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                235.65 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.093 + [  0.340  +  0.072 ] 

                      =  0.505  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        281.35 kN. 

                 Vuy               281.35 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        385.68 kN. 

                 Vuz               385.68 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78171e+000,  Lz   = 1.78171e+000,  Lb   = 1.78171e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -906.63      -637.18      -636.54      -303.67       -22.24 

           ------------------------------------------------------------------------------- 

            TOTAL            -906.63      -637.18      -636.54      -303.67       -22.24 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      906.63 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979325.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611376.64 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -906.63            -637.18            -303.67 

           ---------------------------------------------------------------- 

            TOTAL            -906.63            -637.18            -303.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -637.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -303.67 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979325.6924 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8524e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979325.6924 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.48 kN. 

           -. phiPn =  phi*Pn  =      20294.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                906.63 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20294.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                637.18 

           -. --------  =  ---------------  =  0.235  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                303.67 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.235  +  0.092 ] 

                      =  0.350  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        343.74 kN. 

                 Vuy               343.74 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        603.24 kN. 

                 Vuz               603.24 

           -. --------  =  ---------------  =  0.099  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04496e+000,  Lz   = 1.04496e+000,  Lb   = 1.04496e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -861.92     -1181.06      -637.19      -532.69      -303.84 

           ------------------------------------------------------------------------------- 

            TOTAL            -861.92     -1181.06      -637.19      -532.69      -303.84 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      861.92 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2847068.63 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4684549.71 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -861.92            -637.19            -303.84 

           ---------------------------------------------------------------- 

            TOTAL            -861.92            -637.19            -303.84 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -637.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -303.84 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2847068.6279 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8643e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2847068.6279 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.90 kN. 

           -. phiPn =  phi*Pn  =      20424.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                861.92 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20424.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                637.19 

           -. --------  =  ---------------  =  0.235  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                303.84 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.235  +  0.092 ] 

                      =  0.348  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        338.40 kN. 

                 Vuy               338.40 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        642.48 kN. 

                 Vuz               642.48 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.28267e+000,  Lz   = 2.28267e+000,  Lb   = 2.28267e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 169 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -984.33      -274.16      -390.34      -246.61      -224.96 

           ------------------------------------------------------------------------------- 

            TOTAL            -984.33      -274.16      -390.34      -246.61      -224.96 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      984.33 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       15.13 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1999 

              Pey    =  (Area*Fy)/Lambda^2       =   508436.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1816 

              Pez    =  (Area*Fy)/Lambda^2       =   616635.02 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -984.33            -390.34            -224.96 

           ---------------------------------------------------------------- 

            TOTAL            -984.33            -390.34            -224.96 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -390.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -224.96 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    15.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  508436.7744 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.283 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.5173e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  508436.7744 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          25.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       19989.67 kN. 

           -. phiPn =  phi*Pn  =      17990.70 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                984.33 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            17990.70 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.08 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.08 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                390.34 

           -. --------  =  ---------------  =  0.169  <  1.000  --->  O.K. 

               phiMny             2310.08 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2489.59 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2489.59 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2489.59 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                224.96 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiMnz             2489.59 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.169  +  0.090 ] 

                      =  0.287  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        240.16 kN. 

                 Vuy               240.16 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        253.83 kN. 

                 Vuz               253.83 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.70347e-001,  Lz   = 9.70347e-001,  Lb   = 9.70347e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1402.29      -583.42      -506.74      -311.43      -163.27 

           ------------------------------------------------------------------------------- 

            TOTAL           -1402.29      -583.42      -506.74      -311.43      -163.27 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1402.29 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.25 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0826 

              Pey    =  (Area*Fy)/Lambda^2       =  3432978.93 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.70 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0621 

              Pez    =  (Area*Fy)/Lambda^2       =  6075218.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1402.29            -506.74            -163.27 

           ---------------------------------------------------------------- 

            TOTAL           -1402.29            -506.74            -163.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -506.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -163.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3432978.9292 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.970 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1394e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3432978.9292 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         146.54 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23359.91 kN. 

           -. phiPn =  phi*Pn  =      21023.92 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1402.29 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            21023.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.80 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                506.74 

           -. --------  =  ---------------  =  0.180  <  1.000  --->  O.K. 

               phiMny             2821.80 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.36 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.36 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.36 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                163.27 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiMnz             3515.36 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.180  +  0.046 ] 

                      =  0.259  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        235.08 kN. 

                 Vuy               235.08 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        240.88 kN. 

                 Vuz               240.88 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.21891e+000,  Lz   = 2.21891e+000,  Lb   = 2.21891e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1925.87      -557.81      -264.58      -283.71      -197.58 

           ------------------------------------------------------------------------------- 

            TOTAL           -1925.87      -557.81      -264.58      -283.71      -197.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1925.87 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.29 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1889 

              Pey    =  (Area*Fy)/Lambda^2       =   656514.48 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1420 

              Pez    =  (Area*Fy)/Lambda^2       =  1161809.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1925.87            -557.81            -283.71 

           ---------------------------------------------------------------- 

            TOTAL           -1925.87            -557.81            -283.71 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -557.81 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -283.71 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  656514.4838 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.219 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.0038e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  656514.4838 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          28.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23079.44 kN. 

           -. phiPn =  phi*Pn  =      20771.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1925.87 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20771.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.78 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                557.81 

           -. --------  =  ---------------  =  0.198  <  1.000  --->  O.K. 

               phiMny             2819.78 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.19 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.19 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.19 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                283.71 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMnz             3511.19 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.198  +  0.081 ] 

                      =  0.325  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        194.87 kN. 

                 Vuy               194.87 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        260.19 kN. 

                 Vuz               260.19 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.72244e-001,  Lz   = 8.72244e-001,  Lb   = 8.72244e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1932.06      -544.59      -557.79      -432.16      -288.72 

           ------------------------------------------------------------------------------- 

            TOTAL           -1932.06      -544.59      -557.79      -432.16      -288.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1932.06 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.62 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0743 

              Pey    =  (Area*Fy)/Lambda^2       =  4248635.69 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.22 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0558 

              Pez    =  (Area*Fy)/Lambda^2       =  7518657.14 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1932.06            -557.79            -288.72 

           ---------------------------------------------------------------- 

            TOTAL           -1932.06            -557.79            -288.72 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -557.79 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -288.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 189 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4248635.6882 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.872 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8853e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4248635.6882 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         181.36 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23372.72 kN. 

           -. phiPn =  phi*Pn  =      21035.45 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1932.06 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            21035.45 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.96 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.96 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                557.79 

           -. --------  =  ---------------  =  0.198  <  1.000  --->  O.K. 

               phiMny             2821.96 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                288.72 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMnz             3515.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.198  +  0.082 ] 

                      =  0.326  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        189.13 kN. 

                 Vuy               189.13 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        233.43 kN. 

                 Vuz               233.43 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =    12 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-1.0_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.825,  Flg Width   =      0.825,  Web Center  =      0.787 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.19924e-001,  Asy  = 6.28650e-002,  Asz  = 6.28650e-002 

         Ybar = 4.12500e-001,  Zbar = 4.12500e-001,  Qyb  = 2.32386e-001,  Qzb  = 2.32386e-001 

         Syy  = 3.00736e-002,  Szz  = 3.00736e-002,  Zyy  = 3.54156e-002,  Zzz  = 3.54156e-002 

         Iyy  = 1.24054e-002,  Izz  = 1.24054e-002,  Iyz  = 0.00000e+000 

         ry   = 3.21627e-001,  rz   = 3.21627e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.30000e+000,  Lz   = 1.30000e+000,  Lb   = 1.30000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2439.91      -118.82      -405.70     -1888.75     -1652.66 

           ------------------------------------------------------------------------------- 

            TOTAL           -2439.91      -118.82      -405.70     -1888.75     -1652.66 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2439.91 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        8.93 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1181 

              Pey    =  (Area*Fy)/Lambda^2       =  2682890.91 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.93 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1181 

              Pez    =  (Area*Fy)/Lambda^2       =  2682890.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2439.91            -405.70           -1652.66 

           ---------------------------------------------------------------- 

            TOTAL           -2439.91            -405.70           -1652.66 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -405.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1652.66 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     8.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2682890.9083 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.300 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.8924e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2682890.9083 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          71.73 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37184.25 kN. 

           -. phiPn =  phi*Pn  =      33465.82 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2439.91 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            33465.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8443.57 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8443.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                405.70 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMny             8443.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8443.57 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8443.57 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8443.57 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1652.66 

           -. --------  =  ---------------  =  0.196  <  1.000  --->  O.K. 

               phiMnz             8443.57 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.048  +  0.196 ] 

                      =  0.280  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        308.57 kN. 

                 Vuy               308.57 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        332.18 kN. 

                 Vuz               332.18 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 103002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =    31 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_R_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.665,  Flg Width   =      1.010,  Web Center  =      0.972 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos J>. 

         Area = 1.21829e-001,  Asy  = 7.69620e-002,  Asz  = 5.06730e-002 

         Ybar = 5.05000e-001,  Zbar = 3.32500e-001,  Qyb  = 2.01628e-001,  Qzb  = 2.70576e-001 

         Syy  = 2.66680e-002,  Szz  = 3.39465e-002,  Zyy  = 3.07281e-002,  Zzz  = 4.12358e-002 

         Iyy  = 8.86711e-003,  Izz  = 1.71430e-002,  Iyz  = 0.00000e+000 

         ry   = 2.69784e-001,  rz   = 3.75118e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.13000e+000,  Lz   = 1.13000e+000,  Lb   = 1.13000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2439.88      -405.70      -652.03     -1652.66     -1485.26 

           ------------------------------------------------------------------------------- 

            TOTAL           -2439.88      -405.70      -652.03     -1652.66     -1485.26 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2439.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0513 

              Pey    =  (Area*Fy)/Lambda^2       = 14203416.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0513 

              Pez    =  (Area*Fy)/Lambda^2       = 14203416.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2439.88            -405.70           -1652.66 

           ---------------------------------------------------------------- 

            TOTAL           -2439.88            -405.70           -1652.66 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -405.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1652.66 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     3.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  1.4203e+007 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.130 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1222e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  1.4203e+007 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         379.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37360.65 kN. 

           -. phiPn =  phi*Pn  =      33624.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2439.88 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            33624.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8444.25 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8444.25 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                405.70 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMny             8444.25 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8444.25 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8444.25 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8444.25 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1652.66 

           -. --------  =  ---------------  =  0.196  <  1.000  --->  O.K. 

               phiMnz             8444.25 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.048  +  0.196 ] 

                      =  0.280  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    I ) 

           -. Applied shear force : Vuy =        302.25 kN. 

                 Vuy               302.25 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      10131.97 kN. 

           -. Vnz =  C*Vp  =      10131.97 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        325.71 kN. 

                 Vuz               325.71 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz            10131.97 
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      *. PROJECT     :  

      *. MEMBER NO   = 103003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =    32 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_R_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.665,  Flg Width   =      1.010,  Web Center  =      0.972 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.665,  Flg Width   =      1.010,  Web Center  =      0.972 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.621,  Flg Width   =      1.430,  Web Center  =      1.392 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 1.21829e-001,  Asy  = 7.69620e-002,  Asz  = 5.06730e-002 

         Ybar = 5.05000e-001,  Zbar = 3.32500e-001,  Qyb  = 2.01628e-001,  Qzb  = 2.70576e-001 

         Syy  = 2.66680e-002,  Szz  = 3.39465e-002,  Zyy  = 3.07281e-002,  Zzz  = 4.12358e-002 

         Iyy  = 8.86711e-003,  Izz  = 1.71430e-002,  Iyz  = 0.00000e+000 

         ry   = 2.69784e-001,  rz   = 3.75118e-001 

        <Pos I>. 

         Area = 1.21829e-001,  Asy  = 7.69620e-002,  Asz  = 5.06730e-002 

         Ybar = 5.05000e-001,  Zbar = 3.32500e-001,  Qyb  = 2.01628e-001,  Qzb  = 2.70576e-001 

         Syy  = 2.66680e-002,  Szz  = 3.39465e-002,  Zyy  = 3.07281e-002,  Zzz  = 4.12358e-002 

         Iyy  = 8.86711e-003,  Izz  = 1.71430e-002,  Iyz  = 0.00000e+000 

         ry   = 2.69784e-001,  rz   = 3.75118e-001 

        <Pos J>. 

         Area = 1.50480e-001,  Asy  = 1.08966e-001,  Asz  = 4.73202e-002 

         Ybar = 7.15000e-001,  Zbar = 3.10500e-001,  Qyb  = 2.45488e-001,  Qzb  = 4.45189e-001 

         Syy  = 3.31591e-002,  Szz  = 5.40990e-002,  Zyy  = 3.74123e-002,  Zzz  = 6.78468e-002 

         Iyy  = 1.02959e-002,  Izz  = 3.86808e-002,  Iyz  = 0.00000e+000 

         ry   = 2.61573e-001,  rz   = 5.07001e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 5.92000e-001,  Lz   = 5.92000e-001,  Lb   = 5.92000e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2427.32      -652.03      -779.45     -1485.26     -1417.65 

           ------------------------------------------------------------------------------- 

            TOTAL           -2427.32      -652.03      -779.45     -1485.26     -1417.65 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2427.32 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0290 

              Pey    =  (Area*Fy)/Lambda^2       = 49929313.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        1.58 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0209 

              Pez    =  (Area*Fy)/Lambda^2       = 96529324.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2427.32            -652.03           -1485.26 

           ---------------------------------------------------------------- 

            TOTAL           -2427.32            -652.03           -1485.26 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -652.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1485.26 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     2.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.93 m. 

           -. DTRf  =  Dflg/tf   =   24.51  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.59 m. 

           -. DTRw  =  Dweb/tw   =   15.45  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.122 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.59 m. 

           -. DTRf  =  Dflg/tw   =   15.45  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.93 m. 

           -. DTRw  =  Dweb/tf   =   24.51  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.122 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  41998.9307 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  4.9929e+007 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.592 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6374e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  4.9929e+007 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =        1188.82 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       41984.15 kN. 

           -. phiPn =  phi*Pn  =      37785.73 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2427.32 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            37785.73 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       9191.68 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       9191.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                652.03 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMny             9191.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =      11698.59 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =      11698.59 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =      11698.59 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1485.26 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMnz            11698.59 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.071  +  0.127 ] 

                      =  0.230  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      15388.40 kN. 

           -. Vny =  C*Vp  =      15388.40 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    I ) 

           -. Applied shear force : Vuy =        296.75 kN. 

                 Vuy               296.75 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny            15388.40 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       9461.58 kN. 

           -. Vnz =  C*Vp  =       9461.58 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        320.23 kN. 

                 Vuz               320.23 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz             9461.58 
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      *. PROJECT     :  

      *. MEMBER NO   = 103010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78214e+000,  Lz   = 1.78214e+000,  Lb   = 1.78214e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2512.94      -386.01      -615.04       -83.42       -77.73 

           ------------------------------------------------------------------------------- 

            TOTAL           -2512.94      -386.01      -615.04       -83.42       -77.73 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2512.94 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834144.57 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1011655.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2512.94            -615.04             -77.73 

           ---------------------------------------------------------------- 

            TOTAL           -2512.94            -615.04             -77.73 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -615.04 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -77.73 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834144.5654 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2333e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834144.5654 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.71 kN. 

           -. phiPn =  phi*Pn  =      18108.64 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2512.94 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            18108.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 214 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                615.04 

           -. --------  =  ---------------  =  0.266  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 77.73 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.069 + [  0.266  +  0.031 ] 

                      =  0.367  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         34.33 kN. 

                 Vuy                34.33 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        247.20 kN. 

                 Vuz               247.20 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04439e+000,  Lz   = 1.04439e+000,  Lb   = 1.04439e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1668.70      -272.92      -301.58      -246.03      -273.43 

           ------------------------------------------------------------------------------- 

            TOTAL           -1668.70      -272.92      -301.58      -246.03      -273.43 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1668.70 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2850200.86 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4689703.47 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1668.70            -301.58            -273.43 

           ---------------------------------------------------------------- 

            TOTAL           -1668.70            -301.58            -273.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -301.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -273.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 219 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2850200.8631 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.044 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8674e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2850200.8631 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.99 kN. 

           -. phiPn =  phi*Pn  =      20424.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1668.70 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20424.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                301.58 

           -. --------  =  ---------------  =  0.111  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                273.43 

           -. --------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.111  +  0.083 ] 

                      =  0.235  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         36.62 kN. 

                 Vuy                36.62 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        463.15 kN. 

                 Vuz               463.15 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78144e+000,  Lz   = 1.78144e+000,  Lb   = 1.78144e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2546.53      -402.63      -617.64       -91.36       -90.41 

           ------------------------------------------------------------------------------- 

            TOTAL           -2546.53      -402.63      -617.64       -91.36       -90.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2546.53 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1560 

              Pey    =  (Area*Fy)/Lambda^2       =   834801.42 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1012451.92 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2546.53            -617.64             -90.41 

           ---------------------------------------------------------------- 

            TOTAL           -2546.53            -617.64             -90.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -617.64 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -90.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834801.4152 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.781 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2343e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834801.4152 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.07 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.87 kN. 

           -. phiPn =  phi*Pn  =      18108.78 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2546.53 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            18108.78 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                617.64 

           -. --------  =  ---------------  =  0.267  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 90.41 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiMnz             2490.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.070 + [  0.267  +  0.036 ] 

                      =  0.374  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         24.65 kN. 

                 Vuy                24.65 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        228.80 kN. 

                 Vuz               228.80 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04501e+000,  Lz   = 1.04501e+000,  Lb   = 1.04501e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1746.99      -139.09      -286.47      -305.09      -309.65 

           ------------------------------------------------------------------------------- 

            TOTAL           -1746.99      -139.09      -286.47      -305.09      -309.65 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1746.99 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2846836.59 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4684167.92 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1746.99            -286.47            -309.65 

           ---------------------------------------------------------------- 

            TOTAL           -1746.99            -286.47            -309.65 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -286.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -309.65 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2846836.5947 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8640e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2846836.5947 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.90 kN. 

           -. phiPn =  phi*Pn  =      20424.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1746.99 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20424.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                286.47 

           -. --------  =  ---------------  =  0.106  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                309.65 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.106  +  0.094 ] 

                      =  0.243  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         24.68 kN. 

                 Vuy                24.68 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        457.23 kN. 

                 Vuz               457.23 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    73 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Vert_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.621,  Flg Width   =      0.621,  Web Center  =      0.583 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

        <Pos I>. 

         Area = 8.88340e-002,  Asy  = 4.73202e-002,  Asz  = 4.73202e-002 

         Ybar = 3.10500e-001,  Zbar = 3.10500e-001,  Qyb  = 1.27596e-001,  Qzb  = 1.27596e-001 

         Syy  = 1.62707e-002,  Szz  = 1.62707e-002,  Zyy  = 1.94456e-002,  Zzz  = 1.94456e-002 

         Iyy  = 5.05205e-003,  Izz  = 5.05205e-003,  Iyz  = 0.00000e+000 

         ry   = 2.38476e-001,  rz   = 2.38476e-001 

        <Pos J>. 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.27800e+000,  Lz   = 2.27800e+000,  Lb   = 2.27800e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -263.84      -507.86     -1181.70      -319.50       -69.62 

           ------------------------------------------------------------------------------- 

            TOTAL            -263.84      -507.86     -1181.70      -319.50       -69.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      263.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1783 

              Pey    =  (Area*Fy)/Lambda^2       =   680798.35 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.49 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1783 

              Pez    =  (Area*Fy)/Lambda^2       =   680798.35 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -263.84           -1181.70             -69.62 

           ---------------------------------------------------------------- 

            TOTAL            -263.84           -1181.70             -69.62 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1181.70 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -69.62 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.37 m. 

           -. DTRw  =  Dweb/tw   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.37 m. 

           -. DTRf  =  Dflg/tw   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  21640.4298 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  680798.3498 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.278 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.6673e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  680798.3498 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          31.46 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21354.42 kN. 

           -. phiPn =  phi*Pn  =      19218.98 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                263.84 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19218.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1181.70 

           -. --------  =  ---------------  =  0.432  <  1.000  --->  O.K. 

               phiMny             2738.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2738.15 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 69.62 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiMnz             2738.15 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.432  +  0.025 ] 

                      =  0.464  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        284.58 kN. 

                 Vuy               284.58 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6856.22 kN. 

           -. Vnz =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        296.06 kN. 

                 Vuz               296.06 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6856.22 
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      *. PROJECT     :  

      *. MEMBER NO   = 104002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =    31 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_R_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.665,  Flg Width   =      1.010,  Web Center  =      0.972 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos J>. 

         Area = 1.21829e-001,  Asy  = 7.69620e-002,  Asz  = 5.06730e-002 

         Ybar = 5.05000e-001,  Zbar = 3.32500e-001,  Qyb  = 2.01628e-001,  Qzb  = 2.70576e-001 

         Syy  = 2.66680e-002,  Szz  = 3.39465e-002,  Zyy  = 3.07281e-002,  Zzz  = 4.12358e-002 

         Iyy  = 8.86711e-003,  Izz  = 1.71430e-002,  Iyz  = 0.00000e+000 

         ry   = 2.69784e-001,  rz   = 3.75118e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.13000e+000,  Lz   = 1.13000e+000,  Lb   = 1.13000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2058.35      -290.60      -522.85     -2704.15     -2575.37 

           ------------------------------------------------------------------------------- 

            TOTAL           -2058.35      -290.60      -522.85     -2704.15     -2575.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2058.35 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0513 

              Pey    =  (Area*Fy)/Lambda^2       = 14203416.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0513 

              Pez    =  (Area*Fy)/Lambda^2       = 14203416.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2058.35            -290.60           -2704.15 

           ---------------------------------------------------------------- 

            TOTAL           -2058.35            -290.60           -2704.15 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -290.60 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -2704.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     3.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  1.4203e+007 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.130 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1222e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  1.4203e+007 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         379.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37360.65 kN. 

           -. phiPn =  phi*Pn  =      33624.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2058.35 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            33624.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8444.25 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8444.25 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                290.60 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMny             8444.25 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8444.25 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8444.25 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8444.25 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               2704.15 

           -. --------  =  ---------------  =  0.320  <  1.000  --->  O.K. 

               phiMnz             8444.25 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.034  +  0.320 ] 

                      =  0.385  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    I ) 

           -. Applied shear force : Vuy =        248.81 kN. 

                 Vuy               248.81 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      10131.97 kN. 

           -. Vnz =  C*Vp  =      10131.97 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        361.75 kN. 

                 Vuz               361.75 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz            10131.97 
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      *. PROJECT     :  

      *. MEMBER NO   = 104003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =    32 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_R_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.665,  Flg Width   =      1.010,  Web Center  =      0.972 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.665,  Flg Width   =      1.010,  Web Center  =      0.972 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.621,  Flg Width   =      1.430,  Web Center  =      1.392 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 1.21829e-001,  Asy  = 7.69620e-002,  Asz  = 5.06730e-002 

         Ybar = 5.05000e-001,  Zbar = 3.32500e-001,  Qyb  = 2.01628e-001,  Qzb  = 2.70576e-001 

         Syy  = 2.66680e-002,  Szz  = 3.39465e-002,  Zyy  = 3.07281e-002,  Zzz  = 4.12358e-002 

         Iyy  = 8.86711e-003,  Izz  = 1.71430e-002,  Iyz  = 0.00000e+000 

         ry   = 2.69784e-001,  rz   = 3.75118e-001 

        <Pos I>. 

         Area = 1.21829e-001,  Asy  = 7.69620e-002,  Asz  = 5.06730e-002 

         Ybar = 5.05000e-001,  Zbar = 3.32500e-001,  Qyb  = 2.01628e-001,  Qzb  = 2.70576e-001 

         Syy  = 2.66680e-002,  Szz  = 3.39465e-002,  Zyy  = 3.07281e-002,  Zzz  = 4.12358e-002 

         Iyy  = 8.86711e-003,  Izz  = 1.71430e-002,  Iyz  = 0.00000e+000 

         ry   = 2.69784e-001,  rz   = 3.75118e-001 

        <Pos J>. 

         Area = 1.50480e-001,  Asy  = 1.08966e-001,  Asz  = 4.73202e-002 

         Ybar = 7.15000e-001,  Zbar = 3.10500e-001,  Qyb  = 2.45488e-001,  Qzb  = 4.45189e-001 

         Syy  = 3.31591e-002,  Szz  = 5.40990e-002,  Zyy  = 3.74123e-002,  Zzz  = 6.78468e-002 

         Iyy  = 1.02959e-002,  Izz  = 3.86808e-002,  Iyz  = 0.00000e+000 

         ry   = 2.61573e-001,  rz   = 5.07001e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 5.92000e-001,  Lz   = 5.92000e-001,  Lb   = 5.92000e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2045.80      -522.85      -643.15     -2575.37     -2514.33 

           ------------------------------------------------------------------------------- 

            TOTAL           -2045.80      -522.85      -643.15     -2575.37     -2514.33 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2045.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0290 

              Pey    =  (Area*Fy)/Lambda^2       = 49929313.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        1.58 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0209 

              Pez    =  (Area*Fy)/Lambda^2       = 96529324.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2045.80            -522.85           -2575.37 

           ---------------------------------------------------------------- 

            TOTAL           -2045.80            -522.85           -2575.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -522.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -2575.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     2.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.93 m. 

           -. DTRf  =  Dflg/tf   =   24.51  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.59 m. 

           -. DTRw  =  Dweb/tw   =   15.45  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.122 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.59 m. 

           -. DTRf  =  Dflg/tw   =   15.45  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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